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PREFACE. 


HE art of Mzcnanics being the firſt that men 
had occaſion to make uſe of, it is reaſonab/e ta 
fuppoſe that it took its beginning with man; and was 
ſtudied in the earlieſt ages of the world. For no ſooner 
did mankind begin to the earth, than they want- 
e 2ouſes to dwell in, cloaths to wear, and utenſils to till 
the ground, to get them bread; with other neceſſaries of 
life ; and being thus deſtitute of proper habitations, and 
other conveniencies of life; their wants muſt immediate 
Put them upon the ſtudy of Mechanics. At their firſt 
ſetting out, they would be content with very little the- 
ory, enleavouring to get that more by experience than 
reaſoning, and being unacquainted with numbers or any 
fort of calculation; and having neither rule nor compaſs 
to work by, nor inſtruments to work with, but ſuch as 
they muſt invent firſt of all, nor any methods of working; 
With all theſe diſadvantages, we may judge what ſort o 
work they were likely to make. All their contrivances 
muſt be mere gueſſing, and they could but ill execute what 
they bad ſa badly contrived; and muſt be continually 
mending their work by repeated trials, till they got it to ſuch 
cw as to make 4 ſhift to ſerve for the uſe deſigned. 

this is the firſt and loweſt ſtate of Mechanics, which 

War enough to give a beginning to it; and in this ftate it 
doubtleſs remained for a long time, without much im- 
Provement. But at tzngth as men found more leiſure and 
A 2 oppor- 
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PREFACE 

ved about 200-years before Chriſt, wat a moſt ſubtle 
geometer and mechanic. He made engines that drew up 
the ſbips of Marcellus at the fiege of Syracuſe ; and others 
that would caſt a ſtone of a prodigious weight to a great 
diſtance, or elſe ſeveral l:ſſer ſtones, as alſo darts and 
arrows; but there have been many fabulous reports con- 
cerning theſe engines. He alſo made a ſpbere which ſbew- 
ed the motions of the ſun, moon, and planets. And Poſi- 
donius afterwards made another which ſhewed the ſame 
thing. In theſe days the liberal arts flouriſhed, and 
learning met with proper encouragement, but afterwards 
they became negletied for a long time. Ariſtotle, who . 
lived about 290 years before Chriſt, was one of the firſt 
that writ any methodical diſcourſe of Mechanics. But 
at this time the art was contained in à very little com- 

paſs, there being ſcarce any thing more known. about it, 

than the 6 mechanical powers. In this flate it continued 
till the 16th century, and then clockwork was invented, 

and abont 1650 were the firſt clocks made. At this time 
ſeveral of the moſt eminent mathematicians began to con- 
fader Mechanics. And by their ſtudy and induſtry, have 
prodigiouſly enlarged its bounds ; and made it a moſt com- 
prebenſive ſcience. It extends through heaven and earth 
the whole univerſe, and every part of it is its ſubjett. 
Not one particle of matter but what comes under its 
laws. For what elſe is there in the viſible world but 
matter and motion; and the properties and affeions of 
both theſe are the ſubjef# of Mechanics. 


To the art of Mechanics is owing all ſorts of in 5 
to work with, all engines of war, ſhips, bridges, mills, 
curious roofs and arches, flately theaters, columns, pen- 
dent galleries, and all other grand works in building. 
Alſo clocks, watches, jacks, chariots, carts and car- 
riages, and even the wheelbarrow. Arcbitetture, na- 
vigation, buſbandry, and military affairs owe their 
invention and uſe to this art. And whatever bath artificial 
mation by air, water, wind or cords, as all manner of mu= 
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cal inſtruments, water works, Fc. This is a ſcience of 
fuch importance, that without it we could bardly eat 
bread, or lye dry in our beds. | 


By Mechanics wwe come to underſtand the motions of 
the parts of an animal body; the uſe of the nerves, 
muſcles, bones, joints, and veſſels. All whith have been 
made ſo plain, as proves an animal body to be nothing 
but a mechanical e gine: But this part of mechanics, 
called anatomy, is a fubje# of itſelf. Upon Mechanics 
is alſo ſounded the motions of all the celeſtial bodies, their 
periods, times, and revolutions. Without Mechanics a 
general cannot go to war, nor beſiege a town, or for- 
1% a place. And the meaneft artificer muſt work me- 
cbanically or not work at all. So that all perſons what- 
ever; as indeb;ed to this art, from the king down to the 
cher. 


Upon Mechanics is alſo founded the Newtonian or on- 
ly true pbiloſopby in the world. For all the difficulty of 
philcſephy conſiſts in this, from ſome of the principal 

he nomena of motions, to inveſtigate Ihe forces of nature. 
And then from theſ: forces to drmonſt; ate the other phe- 
nomena; all «which is to be done upon mechanical prin- 
ciples. Thus from the diſtances and revolutions ef the 
heavenly bodies, the forces of gravity are derived; and 
frem theſe forces thus known, ar: deduced the motions of 
the planets, comets, the moon and th: ſea; as well as 
the motions of bodies upon the ſurface cf the earth, theſe 
relate tothe vifible bodies of the un verſe. But there are 
elſe certain forces belonging to the ſma!! particles of mat- 
ter, which we are ſtill ignorant o/; by whico they are 
either impelled towards one another, and cobere in 
tar #gures , or are repelled and ſo receed from each other. 
For the partitles of different forts of brdies have different 
lau; fince the ſmall particles of ſome bodies at- 
tra one another, whilſt thæſe of other ſorts repel each 
iber; and that by forces a:meſt inte various. 
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, and fuidity of Bo- 
dies depend. The nature elaſticity , elefricity, and 
— Upon theſe alſo depend — principles of fer 
mentation, putrefaction, generation, vegetation, 47 
ſolutian of badies; digeſtion and ſecretion in animal bodies, 
the motion of the blood and fluids in animals, and the 
moving of the members by the command of the will; the 
exciting ſenſations in the mind; ths emiſion, refle TI 
refrattion, and inflection of light ; fre ES.” 
burning by fre; all operations in chemiſtry, &c. Tibet 
forces could be found out, it wauld open to us a new 

in the ſcience of Mechanics. But for want of proper ex- 
periments, theſe forces among the inviſible and impercep- 
tible particles of matter, are utterly unknown, and exceed- 
ing difficult to be diſcovered, and therefore make no part 
wing treatiſe. Nor ſhall ] meddle with aſtrono- 
my, as being a ſubje7 of itſelf : nor with experimental 
philoſophy any further than concerns Mechanics. And 
although architecture bas a great dependance upon Mecha- 


nics; yet there are a great manyprecarious rules in this art, 


invented purely for ornament, and for the ſake of beauty 
which bave nothing to do with Mechanics. And there- 
fore mechanical beauty (that is ſtrength in due propor- 
tion) is all that I bave any buſmeſs to meddle with 


Here. 


It bas hoes 5 ignorantly objected by ſome, that the New - 
opby, like all pos before it, will grow old 


2 3 ede But 
s abjettion is very Or never a * 
before Newton ever took the method that be did. 

whilſt their ſyſtems are nothing but hypotheſes, * of 
JAions, comeftures, and romances, invented at pleaſure 
and without any foundation in the nature of things ;, be 
on the e Earl out upon 4 
guite different footing. For _ wothing but ow 
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he gains from experiments, and accurate obſervations. 
A 45 from this foundaiion whatever is e money? 
is deduced by firift mathematical reaſoning, And where 
this thread does not carry him be ſtops, and proceeds no 
fu- ther z not pretending to be wiſe above what is written 
in nature. Being rather centent with @ little true 
k:oxcledge, than, by aſjuming to know every thing, 
run ihe hazard of error. Contrary to all this, theſe ſcheem. 
ing 1hi.oſophers,being men of ſtrong imaginations and weak 
judgment:, will run on ad infinitum, and build one fittion 
en ancther, till their Babel thus erefled proves to be 
n. i, but a heap of endleſs confuſion and contradiction. 
Aid ib it is no wonder, if the whole airy fabrick 
tumbles down and finks into ruin. And yet it ſeems ſuch 
remort.c ¶ ſtems of philoſophy, vill pleaſe ſome people as 
tocil as the fir Aft ruth cr moſt regular ſyſtem. As if 
Priic;ophy, like rel:gion, was to depend on the faſhion of 
tbe court; y, or on ile ancies and caprice of weak people. 
But ſurely this is notEing but ; ambli-g in the dark, and 
fe mg ih-t ke nature of things depends upon no feady 
prixcip e> all. But in truth the 5g 777 true pbilo- 
Tb 7. 15 4 15:0 the nature of things from cauſes truly 
exiſ..nt. u to erguire after thoſe laws on which the 
Creaie; de feund the :0:1d;, net thoſe by which be 
might bav. en- be ſame had he ſo p eaſed. It is reaſon- 
ale toj pp /* that rem ſeve: al carſes ſome: hing differing 
Fi ach o. pr, le ſome eſſect may ariſe. But the true 
core ui. a n be that from which it truly and ac- 
tua. 4e jabs 5 z be ol ber have no place in true pbi- 
Ly. And bi: can be kuston no way, but by obſer- 
et 44 e-P.rime 3. Hence it eviden:.y follews that 
the INe. tema gl iiaſop/ y, bing thus built upen this ſo- 
lid foundeti. , mujs jan! jrm end urfpaken ; and being 
670" 16% do be (ut, it muſt eteriial:y 7 £/114:8 true, un- 
ii! we uiter ſubre;fuen of all the laws of nature. It is 
in + fere a mere fol- to talt ef à 16% phil: ſo; ky. The 
$cr1:01,om b 1m!” lad: I be Newloman phi cſcpiy 
Nh naced be improved, and frriber aaxanced; but it can 
.der 
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never be overthrown : Notwithſtanding the efforts of all 
the Bernoulli s, the Leibnitz s, the Green's, the Bertley g, 
the Hutchinſon's, Sc. And even the French themſelves 
have at laſt adopted it, and given up the Carteſian 
ſcheme. 


Practical Mechanics might be very much improved, if 
the ſecrets of all trades were to lie open; and the ſeveral 
machines uſed in each trade, duly explained. And ex- 
perimental philoſophy would be thereby much improved. 
as well as the trades themſelves. And one trade might 
borrow many great helps in working, from another trade. 
It is not my defign to treat at all on the loweſt part of 
Mechanics, which concerns manual arts or working by 
hand. For there is no thecry required here, but on'y @ 


habit of working, to be acquired by conſtant practice. 


T have in the following book confined myſe!f entirely 
to the mathematical part, and what on it, 
is deduced from it, And therefore I have firſt of all laid 
down and demonſtrated the general laws of motion, as a 
foundation for all the reſt. Then follows the laws of 
gravity, the deſcent of bodies, and motion of projectiles, 
the Mechanical Powers, the Deſcent of Bodies upon in- 
clined planes, the Vibration of Pendulums, Centers of 
Gravity, and others, the PreJure, Strength, and Streſs 
of Beams of Timber; then you hav? the Principles of 
Flydroftatics, Hydraulics, and Pneumatics; the refiſtance 
of fluids; the Peters of Engines, and the d:ſcription of 
Machines, Ii all theſe I bave delivered all the funda- 
menta! principles both in theory and pratice. And to 
make it more univerſally uſeful, I have demonitrated eve- 
ry thing geometrically, or at moſs by the help only 
of the lou and eafieſt rules of algebra, avoi ling all 
operations by fluxions. So that the reader need not be 
{card with the thoughts of any d fficulty of that kind. 
In the machines I have given an account of their ſtruc- 
fure, gs far as is neceſſary to explain their motions and 
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effetts ; omitting the deſcription of their minuter parts, 
not ſo neceſſary for this end. T hope the reader will par- 
don my inſerting among the reſt, ſome machines that may 
fem trifling, Put in here and there to fill up vacant places 
in the ſchemes. Yet even in theſe there is xy neal curi- 
ous in their ſtrufture or motion, that may be worth 4 
ſerving. 1 might indeed bave added ſeveral other thi 
in the theory, though of leſs importance; and might Fo 
have given the cuts of ſeveral other machines. But per- 
baps what I have already done may be thought tos much, 
in ſuch a nation as this, 2 
due encouragement ; and where no Mæcenas appears to 
patronize and protest it ; and where arts and ſciences 
as it were, in ſu 
er fall; and where public 


worth their SENS + nk TIO ae 
ſtriving lite the toad, who fell die with the moſt earth 
in bis sS. The duller pert of mankind are entirely 
engaged in the purſuit of filthy lucre; and the bri —.— 
CCS 2 to low, trifling, and often 
Sa 3 dad. Purſuits as theſe, 4 — 
4 and * 
with but contempt ; and Minerva 

'Pluto. And indeed if the rural temper end apoio of 
men bad been the in all ages, as it is in this; I am in 
doubt whetber we had ever bad any ſuch thing as a mill 
40 grind us corn for bread, or a pump to draw us water. 
II is a trifling excuſe for men of exalted ſtation to urge 
that they are unac ed with ſuch arts or ſciences. 
For learning has always been eſteemed to be under the pecu- 
kar cave and ſuperintendency of the Great ; who * 
Protect and encourage both it and the profeſſors of it; 


elſe arts and ſciences can never flouriſh. The 52 
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p R EF A c E. 
fudents only, have the fatigue; whilſt all the world reaps 


the advantage of their labours. 


Scire volunt omnes, mercædem ſolvere nemo. 
Juven: , 


It is reported of Alexander that be allowed 800 talents 


a year toAriſtotle, to defray the expences of procuring all 
forts of living ereatures; ſo that by bis own particular 
experience, be might be enabled to write of the nature and 


. properties of them. And the reaſon why the world bath 


RP TO is becauſe there are no Alexan- 


But as to the fate of this book it is indifferent to me 
what reception it ſhall meet with in the world. Not that 
I am in the leaſt diffident of the principles here delivered; 
fer I know they will ſtand the ftrifteft examination. Nor 
would I be thought careleſs concerning the — 
which my few readers receive from it: For cn 
contrary, I have done all I could to infiruf them, and lead 


ment may be paſſed upon it by the ignorant multitude. 
Yet I fencerely wiſh, that my more ingenious readers may 
find what they expect bere; and am in hopes, that t 
will meet with no difficulties, but what they will 
ſurmount. To effect which, I have made every thing in 
ibis book, as full and clear, as my own abilities, and 
the nature of the thing would permit me. 


W. EMERSON. 
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MECHANICS. 


DEFINITIONS. 


ECHANICS is a ſcience, which 
reaches the proportion of the forces, mo- 
tions, velocities, and in general the ac- 
tions of bodies upon one another. 

2. Body is the maſs or quantity of matter. If a 
body yields to a ſtroke and recovers its former figure 
in, it is called an elaſtic body : If not, it is inelaſtic. 
3. Denſicy of a body is the proportion, of the quantity 
of matter contained in ir, to the quantity of matter in 
another body of the ſame bigneſs. Thus the denſity is 
ſaid to be double or triple, when the quantity of 
matrer contained in the ſame ſpace is double or 

triple. 

* Force is a power exerted on a body to move it. 
If it act but for a moment it is called the force of 
percuſſion or impulſe. If it act conſtantly, it is called 
an acceler ative force : If conſtantly and equally, it is 
called a uniform acceleratide force. 

5. Velocity is an affection of motion, by which a bo- 

y paſſes over a certain ſpace in a given time. The 
2 is ſaid to be greater or leſſer, according as 
the body paſſes over a greater or leſſer ſpace in the 
ſame time. 

6. Motion is a continual and ſucceſſive change of 
place. If a body moves through equal ſpaces in equal 
times, it is called equable motion. If its velocity con- 
tinually increaſes, it is called accelerated motion; if it 
— it is retarded motion. If it increaſes or de- 


7, it is equably accelerated or retarded. 
B Likewiſe 


DEFINITIONS. 


Likewiſe if its motion be conſidered in regard to ſome 
other body at reſt, it is called abſalute motion. But if 
its motion be conſidered with reſpect to other bodies 
alſo in motion, then it is relative motion. 

7. Direction of motion is the way the body tends, 
or the right line it moves in. 

8. Quantity of motien, is the motion a body has, 
both in regard to its velocity, and quantity of matter. 
This is called the momenutum of a bod), by ſome me- 
chanical writers, 

9. Vis inertiæ, is that innate force of matter by 
which it reſiſts any change, and endeavours to pre- 
ſerve its preſent ſtate of motion or reſt. 

10. Gravity is that force wherewith a body endea- 
vours to deſcend towards the center of the earth. This is 
called abſolute gravity, when the body tends down- 
ward in tree ſpace: and relative gravi y is the force it 
endeavours to deſcend with in a fluid. 

11. Specific gravity of bodies, is the greater or leſſer 
weight of bodies of the ſame magnitude; or the pro- 
portion between theſe weights. Ihe ſpecific gravity is 
ſaid to be double or triple, when the weight of the ſame 
bulk of matter is double or triple. 

12. Center of gravity of a body is a certain point in 
jt, upon which the body being freely ſuſpended, it 
would reſt in any poſition. 

13. Center of moiicn of a body, is a fixed point about 
which the body is moved. And the axis of motion, is 
the fixt axis it moves about. l 

14. Weight and pace when oppoſed to one another 
ſignify the body to be moved and the body that 
moves it. That body which communicates the mo- 
tion 5 called the powver z and that which receives it, the 
weigbt. 

15. Equilibrium is when two or more forces acting 
againſt one another, none of them overcome the 
22 but deſtroy one another's effects, and remain 
at reſt. 

16. A Fuid is a body whoſe parts yield to any im- 

2 


preſſed 


DEFINITIONS, 
force; and by yielding are eaſily moved 
among themſelves. 

17. Hydroſtatics is a ſcience that treats of the pro- 
perties of fluids. 

18, Hydraulics is the art of raiſing or conveying 
water by the help of — — 

19. Pneumatics is a ſcience that treats of the pro- 
perties of the air. | 
20. Machine is any mechanical inſtrument con- 
trived to move bodies, or to perform ſome particular 
motions. The mechanical powers are ſimple ma- 
chines. | | 
21. Engine is a mechanic inſtrument compoſed of 
levers, wheels, pullies, ſcrews, Sc. in order to move, 


lift, or ſuſtain ſome great weight, or perform ſome 
great effect. This is the largeſt and compounded 
ort of machines. 


22, Mechanic powers, are the ballance, the leaver, 
the wheel, the pulley, the ſcrew, and the wedge. 
23. Streſs is the effect of a force acting againſt a 
beam, or any thing to break it, or the violence it 
ſuffers by that force. The contrary to this is frengtb, 
which is the reſiſtance any beam is able to make 
againſt a force endeavouring to break it. 

24. Friction is the reſiſtance ariſing from the parts 
of — or of any bodies rubbing againſt one 
another. | 


POSTULATA. 


I, HAT a ſmall part of the ſurface of the 
earth, or the horizon, may be looked upon 
as a plane. Though this is not ſtrictly true, yet it 
differs inſenſibly in ſo ſmall a ſpace as we have any 
occaſion to conſider it. 

2. Heavy bodies deſcend in lines llel to one 
another, and perpendicular to the horizon : And they 
always tend perpendicular to the horizon by their 
B 2 weight. 


equal, and in contrary directions 


POST U LAT A. 


weight. For this is true as to ſenſe, becauſe the lines 
of their direction meet only at the center of the earth. 

3. The weight of any body is the ſame in all places 
at or near the ſurface of the earth. For the differ- 
ence is inſenſible at any heights to which we can aſ- 
cend. Though in ſtrictneſs che turce of gravity de- 
creaſes in aſcending, in the reciprocal ratio ot the ſquares 
of the heights from the earth's center. 

4. We are to ſuppoſe all planes perfectly even and 
regular, all bodies perfectly ſmouth and homoge- 
neous + lines perfectly ſtreight, and inflexible; with- 
out weight or thickneſs; cords extremely pliable, Sc. 
For though bodies are defective in all theſe; and the 
parts of matter, whereof engines are made, ſubject to 
many imperfections; yet we mult ſet aſide all theſe 
irregularities, till the theory is eſtabliſhed ; and aſter- 
wards make ſuch allowance as is proper. 


AXIOMS. 


I. E VERY body perſeveres in its preſent ſtate, 

whether of reſt, or moving uniformly in a 
right line; till it is compelled to change that ſtate, 
by ſome external force. 

2. The alteration of motion, or the motion gene- 
rated, or deſtroyed in any body, is proportional to 
the force a pied : And ie made in the direction of 
that right line in which the force acts. 

3. The action and re- action between two bodies are 


4. The motion of the whole body is made up of 
the ſum of the motions of all the parts. 

5. The weights of all bodies in the ſame place, are 
proportional to the quantities of matter they contain; 
without any regard to their bulk, figure, or kind. 
For twice the matter will be twice as heavy, and thrice 
the matter. thrice as heavy; and ſo on. 2 


AX IOMS. 


6. The vis inertiæ of all bodies, is proportional to 
to the quantity of matter. | 
7. Every body will deſcend to the loweſt place it 


can get to | 
avy body, bears all the 


8. Whatever ſuſtains a he 
weight of it. 

9. Two equal forces acting againſt one another in 
contrary directions; deſtroy one another's effects. 

10. If a body is acted on with two forces in con- 
trary directions; it is the ſame thing as if it were only 
acted on with the difference of theſe forces, in direc- 
tion of the greater. | 

11. If a body is kept in equilibrio ; the contrary 
forces, in any one line of direction] are equal, and de- 
ſtroy one another. 

12. Whatever quantity of motion any force ge- 
nerates in a given time; the ſame quantity of mo- 
tion will an equal force deſtroy in the fame time; act- 
ing in a contrary direction. 

13. Any active force will ſooner or more eaſily 
overcome a leſſer reſiſtance than a greater. 

14. If a weight be drawn or ſhed by any power; 
it puſhes or draws all points of the line of direction 
equally. And it is the ſame thing, whatever point of 
that line the force is applied to. 

15. If two bodies be moving the ſame way in any 

right line; their relative motion will be the ſame, as 
if one body ſtood ſtill, and the other approached, or 
receded from it with the difference of their motions : 
or with the ſum of their motions, if they move con- 
trary ways. 

16. If a body is drawn or u a rope, the 
direction of — force is the — * degion 
of that part of the rope next adjoining to the body. 

17. If any force is applied to move or ſuſtain a bo- 
dy, by means of a rope; all the intermediate parts of 
the rope are equally diſtended, and that in contrary 
directions. 

B 3 18. If 


AXIOMS. 


18. If a running ro freely over ſeveral pul- 
lies; all the wo it 8 * i 
19. If any forces be applied againſt one end of a 
free leaver or beam; the other end will thruſt or act 
| if with a force, in direction of its length. 
bi 20. The parts of a fluid will yield, and recede to- 
T4 wards that part where it is leaſt preſſed. | 
4 21. The upper part of a fluid is ſuſtained by the 
4 lower part. 
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The quantities of matter in all bodies are in the compli- 
cate ratio of their magnitudes and denſities. 


OR by def. 3. if the magnitudes be equal, the 
matter will be as the denſities. And if the denſi- 
ties be equal, the matter will be as the magnitudes. 
Therefore the matter is univerſally in the compound 
ratio of both. 


Cor. 1. The quantities of matter in ſimilar bodies, 
are as the denſities and cubes of the diameters. For the 
magnitude is as the cube of the diameter. 


Cor. 2. The quantities of matter are as the magnitudes 
and ſpecific gravities. For the ſpecific gravities are the 
denſities, by Ax. 5. 


PP LOP.-1 


The quantities of motion, in all moving bodies whatever, 
are in the complicate ratio of the quantities of mat- 
ter and the velocities. | 


For if the velocities are equal, it is manifeſt (by ax. 
4-) that the quantities of motion will be as the quanti- 
ties of matter. And if the quantities of matter are 

B 4 equal, 
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equal, the motions will be as the velocities. There- 
fore univerſally, the quantities of motion are in the 


compound ratio of the velocities and quantities of 
matter. 


Cor. In any fort of motion, the quantity of motion is 


| as the ſum of all the products of every particle of matter 


multiplied by its reſpefitve velocity. 
For the quantity of motion of any particle is as 


that particle multiplied by its velocity : Therefore by 


compoſition, the ſums of all are in the ſame ratio, 


PROP. III. 


In all uniform motions, the fpace deſcribed is in the com- 


plicate ratio of the time and velocity. 


For it is evident, if the velocity be given, the ſpace 
deſcribed by any body, will be as the time of its 
moving. And if the time be given, the ſpace de- 
ſcribed will be greater or leſs, according as the velo- 
City is greater or leſs ; that is, the ſpace will be as the 
velocity. Therefore it neither be given, the ſpace 
will be in the compound ratio of both the time and 
velocity. 


Cor. The time is as the ſpace directly and velocity re- 


| ciprocally. 


FEQE IV; 


The motion generated by any momentary force, is as the 
force that generates it. 


For if a certain quantity of force generates any mo- 
tion, a double quantity of force will generate double 
2 motion; and a triple force, triple the motion, and 
hwy ; | 

Cor. 


„ 


OR 


re- 
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Cor. The ſpace deſcribed is as the force and time di- 
reftly, and quantity of matter reciprocally. 


For by this prop. the force is as the motion, that is 


(by Prop. II.) as the matter and velocity; therefore 


the velocity is as the force directly and matter reci- 
procally. Alſo (by Prop. III.) the ſpace is as the 
time and velocity, and therefore as the time and force 


directly, and matter reciprocally. 


SCHOLIUM. 


Let &b = body or quantity of matter to be moved. 
f = force of impulſe acting on the body b. 
m= momentum or quantity of motion generated in b. 
v =velocity generated in h. 
s = ſpace deſcribed by the body b. 
t = time of deſcribing the ſpace 5 with the velo- 


city v. 

Then by the three laſt we ſhall have m OC bv, 
s CC to, and F & n. the help of theſe three 
general 1 the relation of the ſ „times, 
velocities, c. may be found, upon all ſuppoſitions. 
And thence all the laws and proportions belonging 
to uniform motion, may be alt and univerſally re- 
ſolved : Expunging ſuch as are not concerned in the 


queſtion ; 4 all thoſe that are given or 


conſtant; and alſo thoſe that are in both terms of 
the proportion. Thus we ſhall get in general, 
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In any motion, generated by a uniformly accelerating 
force: the motion generated in any time, is in the com- 
plicate ratio of the farce and time. 


For in ay yen time, the motion generated will 
be proportional to the force that generates it, this be- 
ing its natural and genuine effect. And fince in all 
the ſeveral parts of time, the force is the ſame, and 
has the ſame efficacy; therefore the motion generated 
will alſo beas the time : whence univerſally, the mo- 
tion generated is in the compound ratio of both the 
force and the time of acting. 


Cor. 1. This. prop. is equally true in reſpe# to the 
motion loſt or deſtroyed in a moving body, by a force acting 
in a contrary direction. by ax. 12. 


Cor. 2. If the ſpace through which a body is moved 
by any force, be divided into an infinite number of equal 
parts; and if, in each part, the accelerative force as dif- 
ferently upon the body, according to any certain law. 
And if there be taken the product of the accelerating force 
in = part multiplied by the time of paſſmg through it. 
Then I ſay, 

As — uniform accelerative ferce X by the time of 

atting (FT): 

To the motion generated in that time (M): 

So the ſum of all the products of each particular force 
time: da 
To the motion generated in this whole time, by the va- 

riable force. For 
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For (by this prop) the time of deſcribing any part 
by the force: motion generated in that time:: Fx T: 
M. therefore by compoſition, the ſum of all the pro- 
ducts, to the whole motion generated; is alſo as F T, 


to M. 


Cor. 3. The velocity generated (or deſtroyed) in any 
time is as the force and time direftly, and the quantity of 
matter reciprocally. 


For by y prop. II. the quantity of motion is as the 

f matter and velocity; therefore the velocity is as the 
he. motion directly and the matter reciprocally, that is, 
1 all (by this prop.) as the force and time directly, and 
the matter reciprocally. 


mo- Cor. 4. The increaſe or decreaſe of any velocity, gene- 
the rated or deſtroyed in any time; is as the force and time 
direftly, and the matter reciprocally. 


This follows from Cor. 3. becauſe all effects are 
proportional to their cauſes. CEA 


wed | 

qual PROP. VI. 

dif- 

atv. In any motion generated by a uniform accelerative force; 
the ſpace deſcribed from the beginning of the motion, is 

b it. in the complicate ratio of the velccity, and the time 
wherein it is generated. 


For ſuppoſe the time divided into an infinite num- 
ber of equal parts, each of which call 1, and let the 
times from the beginning be 1, 2, 3, 4. . to. 
And let c be the velocity ted at the end of the 
Va- time 1 ; then by Cor. 3. of the laſt Prop. the velocity 

generated 
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generated in the ſame body, by the ſame force, in the | 
times 1, 2, 3, 4 - + . , will be reſpectively c. ac, 3c, | 
4c-..to tc. And by Prop. III. the ſpaces deſcribed 
in each given part of time, will be as the time (1) and 
the velocity; and therefore theſe ſpaces will be c, 2c, 
gc -- - tc. and the ſum of all theſe is the whole ſpace 
deſcribed by the body. But the ſum of the arithme- 


tic progreſſion o, c, 2c, 3c, 4c. . tc to : terms is 
o + tc tc : ; 
2 t. or Ni. but 7 is the laſt velocity, and 


t the whole time, therefore the whole ſpace is as (tc x 
t) the velocity and time conjunctly. 


Cor. 1. If a body moves uniformly forward with the 
velocity acquired by a uniform accelerative force; it will 
deſcribe twice the ſpace in the ſame or an equal time, that i 
it deſcribed by the accelerative force. 


For here the ſpaces deſcribed in the ſeveral ſmall I 
of time, will be tc, tc, tc .. &c. to t terms. 
whoſe ſum is ic Xt. And the ſum of the former 


ſpaces, deſcribed by the accelerating force, was | 
or - 
2x. but 7c x r is to f N U. 48 2 to f. 


Cor. 2. Since any active force is an endeavour of put- 
ting a body into motion; therefore the adequate and imme- 
diate effect of an accelerating force is either motion or pre/- 

ſure or both. 


SCHOL. 


Let & = body or quantity of matter. 
FS accelerative force acting uniformly and 
equally on the body 5. | 
v = velocity generated in þ by the force F. 
m motion generated in 6. 
s = ſpace deſcribed by 5. 
S time of deſcribing the ſpace 3. 


Then 


Q I. or MOTION. 13 
Then the two laſt propoſitions together with Prop. 10. 
II. will reſolve all queſtions relating to the times, 

forces, velocinies, c. in uniformly accelerated mo- 

tions. Thus m œ bv, m & F, and s & tv. whence 

we have in general, 

„ = Kc. 


m X bv & Ft S. 
U Ft Fs m 
v & 7 . ＋ & 5 & . &c. 


buy Fit 
þ the s by bs mM 
f will 6 


by bs buy 2 
Fee e = * n &c. 


Whence, if n, b, &c. be given; ſuch quantities muſt 
be left out. | 


PROF. YE 


am force acting on a body at A in direction AB cauſe 1. 
the body to paſs through the ſpace AB in any time; and 
another fimilar force acting in direction AC, would 

move it through the ſpace AC in the ſame time : I ſay 

by both ferces acting together, in !heir proper directions, 
the body will, in the ſame time; be moved through the 
ſpace AD, the diagonal of the parallelogram ABDC. 


CASE I. 


Let the forces at A cauſe the body to move uni- 
formly along the lines AB, AC. Then ſince the force 
acting in direction AC parallel to BD, by ax. 2. will 
not alter the velocity towards the line BD; the body 
therefore will arrive atBD in the ſame time whether the 
force in direction AC be impreſſed or not: Therefore 

at 


14 
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210. at the end of the time it will be found ſome wherein BD. 


By the ſame argument, it will be found ſomewhere in 
the line CD; therefore it will be found in D the point 
of interſection; and by ax. 1, it will move in a right 
line from 4 to D. 

Otherwiſe. 


Suppoſe the line ¶ to move parallel to itſelf into 
the place BD, whilſt 4 moves from A to C. Then 
fince this line and the body are both equally moved 
towards BD, it is plain the body muſt be always in 
the moveable line AC. Therefore when AC comes to 
the poſition bg, let the body be arrived at 4; then 
fince, both the line AC moves uniformly along AB, 
and the body A along AC; therefore it will be as : 
d:: AB: BD, therefore Ad is a right line. 


CASE II. 


Let the body be carried through AB, AC by an 
accelerative force. Then by Prop. VI. the ſpace de- 
ſcribed will be as the time and velocity, and therefore 
the velocity will be as the ſpace directly and time reci- 
procally. Alſo by Cor. 3. Prop. V. when the force 
and the body is given; the velocity is as the time. 
Whence the time will be as the ſpace directly and 
time reciprocally, and the ſpace as the ſquare of the 
time. That is the ſame body acted on by the ſame 
force will deſcribe ſpaces which are as the ſquares of 
the times. Now let the time of deſcribing AB or 
AC be 1; and let the line AC move along with 
the body, always parallel to itſelf, and in the time 7, 
let it arrive at bg, and the body at d. moving to- 
wards g. Then, from what has been ſaid, it is as 1 : 
it :: AB : Ab, and alſo as 1 : tt: : bz or BD: bd. 
whence IB: :: BD: bd. therefore AD is a right line. 

And if you ſuppoſe the ſpace to be as the nth power 
of the time, ie will ll be, 1: “ :: AB: Ab:: BD: u; 
and Ad D is ſtill a right line for any ſimilar forces. 

Casrt 
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Cassz III. 


But if the body A be carried AD by a uni- 
form force, in the ſame time it would be carried 
through AM by an accelerative force; then by both 
forces acting together, it will at the end of that time 
be found in the point H, of the parallelogram MADH; 
bur then the line it deſcribes AGH, will not be a right 


line. 


Cor. 1. The forces, in the direftions AB, AC, AD, 
are reſpectively proportional to the lines AB, AC, AD; 
and in theſe directions. : 


For by Cor. Prop. IV. the time and the quantity of 
matter being given; the force is directly as the ſpace 
deſcribed. And in accelerated motion, the ſame is 
true, by Pr. V. Cor. 3. and Pr. VI. | 


Cor. 2. The two oblique forces AB, AC is equivalent to 
the fingle direft force AD, which may be compounded of 


Cor. 3. Any ſingle direft force AD, may be reſolved 
into the tuo oblique forces whoſe quantities and directions 
are AB, AC, having the ſame effeft ;, by deſcribing any 
parallelogram whoſe diagonal is AD. . 


Cor. 4. A body bei tated by two forces at once, 
pill paſs through DIS point, as it would do if the 
wo forces dere to alt ſeparately and ſucceſſruely. And if 
wny other motion be impreſſed on @ body already in mo- 
on, it does not alter its motion in lines parallel to its 
armer direction. 2 


W's AB, Ac, reſpettively ; draw AR to the middle of 
/ 


- 4 two, by drawing the diagonal of the parallelogram . 
D. | 


Cor. 5. If two forces as AB, AC aft in the direc- 


7210. 
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ſpeftve lines of direftion do paſs when produced. 


ſpeclively, as the three fides of a triangle drawn parallel to 
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the right line BC, and 2 AR is the force compourded out 0 
theſe, and AR its direction. „ 


PROP. vin. 


Let there be three forces A, B, C of the ſame kind, 
acting againſt one another, at the point D, and whoſe 
direfiions are all in one plane; and if they keep one ano- 
ther in equilibrio, theſe forces will be to each other re- 


heir lines of direfion, DI, CI, CD. 


Let DC repreſent the force C, and produce AD, 
BD, and complete the parallelogram DICH : And by 
the laſt Prop. the force DC is equivalent to the two 
torces DH, DI; put therefore, the forces DH, DI in- 
ſteadof DC, and all the forces will ſtill be in equilibrio. 
Therefore by ax. 11. DT is equal to its oppoſite force 
A, and DH or CI equal to its oppolite force B. 
Therefore the three forces A, B, C are reſpectively as 
DI, CI, CD. 


Cor. 1. Hence the forces A, B, C, are as the three 
fedes of a triangle, drawn perpendicular to their lines of 
direction, or in any given angles to them, on the ſame 
fide. For ſuch a triangle will be ſimilar to the former 


triangle. 


Cor. 2. The three forces A, B, C, will be to each 
other as the ſines of the angles through which their re- 


For DI: CI:: S. DCTor CDB: S. CDI or CDA 
ms eats CDA:S.CHD or HDI 
or ADB. 


Cor. 3. If there be never ſo many forces acting again 
ery point in one plane, W 
: ; they 
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If one body afts ageinſt another body by any kind of force 


whatever 3 it exerts that force in the direftion of a 
line perpendicular to the ſurface whereon it afis. 


Let the body B be acted on by the force AB in the 
direftion AB. Let the body C and the obſtacle O, 


hinder the body B from moving ; divide the force AB 
into the two forces AD, AE; or EB, DB, by Cor. 3. 
Prop. VII. the one icular, the other parallel to 
the ſurface DB. then the ſurface DB receives the per- 
pr and the obſtacle O the parallel 

DB; take O, and the force 


a direction parallel to 
than what 
ace, occaſioned 
force EB; which, 
if the ſurface be erte Ade and void of tenacity, 
will be nothing. The — DB therefore having no 
remaining force EB will be the only 
whereby the body B. acts againft the ſurface DB, and 
— ̃ | 


body. B ftrike 


another 22 
bquely, at any. a 1 ABD, N 
will be direfily as — . the 8 
incidence ABD; and the bod C receives 3 
ee. EB perpendicular to the ſurface DB. | 


For r given; the ftroke will be 
48 be given, the dee will and if the ve- 
the ſtroke will be as AD; or &. 
—— of the ſtroke is a the 


2.455. 
— mheormich hoody approaches the plane. 


Cor. 2. J 2 imping 
Bard or Alt Cl 1 i de, reflected 5 A 0 


ö 
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For the motion at B parallel to the ſurf:c2 is not 
at all changed by the ſtroke. And becauſe the bodies 
are elaſtic they recover their figure in the fame time 
they loſe it by the ſtroke; therefore the velocity in 


Let AE, BE repreſent the velocities before the ſtroke, 
and ED (= AE) and BE the reſpective velocities af- 
ter the ſtroke; then in the two ſimilar and equal trian- 
gles AEB, BED, C. ABE is equal to EBD. 

But ms. =q bodies in n are enen — 
are ſomething longer o ining th (+ 
therefore he DBF will 1 be ſomething more 


acute than the Z. ABG. 


Cer. 3. If one given body impinges upon another given 
body; the magnitude of the ſtroke will be as the relative 
velocity between the bodies. 


For the magnitude of the ſtroke is as the line BE, 
or the velocity wherewith the bodies approach each 
other; that is, as the relative velocity. 


Cor. 4. Aud in any bodies whatever, if a body in 
motion ftrike againſ® another, the magnitude of the 
rote will be as the motion loſt by the friking body. 


For the motion impreſſed on the body that receives 
the ſtroke is equal to the magnitude of the ſtroke: 
And the ſame motion by Ax. g. is equal to the motion 
loſt in the ſtriking body. 155 

s. Ae bidy fribing another not-dlaf- 
lic body, only looſes half as much motion as if the bodies 
were per feli elaſtic: 


C4 | For 


direction BE is the ſame after as before the ſtroke x 


13 
ſo that the angle of reflexion will be equal to the angle of vt 0. 
incidence. . 


5. 
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For the non-elaſtic bodies only ſtop ; but elaſtic 
bodies recede with the ſame velocity they meet with. 


3 
Cor. 6. Hence alſo it follows, that if one body as up- 
on another, by ſtriking, preſſing, Sc. the other re-als 
upon this in the diretlion of a line perpendicular to the 
ſurſace whereon they all, By Ax. 3. 


SCHOL_ 


Thor the momentum or quantity of motion in a 
moving, is a quite diſtinct thing from the force 
that generates it; yet when it ſtrikes another body 


and it into motion, it may with reſpect to that 
ater bale, be conſidered as a — 11 of 


force ioral to the motion it generates in the 


other . 

Alſo altho* the motion generated by the impulſe of 
another body is conſidered as generated in an inſtant, 
upon account of the ſmall time it is performed 
in; yet in mathematical ſtrictneſs it is abſolutely im- 


| pow e that any'motion can be generated in an in- 


by impulſe or any fort of finite force whatever. 

For when we conſider any wed gre of the body which 
yield to the ſtroke, are forced into a new poſition 
there will be required ſome time for the yielding parts 
to be meved through a certain ſpace into this new 
poſition. Now during this time, the two bodies are 
acting upon each other with a certain accelerative 
force, which in that'time generates that motion which 
is the effect of their mutual impulſe. So that it is 
> that this is an effect produced in time; and the 
eſſer the time the the force; and if the time 

be infinitely ſmall, the force ought to be :infinitely 
great, which is impoſſible. But by reaſon that this 
effect is produced in fo ſmall a time as to be utterly 
imperceptible, ſo that it cannot be brought to any 

calculation; upon this account che time is W 
| . 
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which is therefore ſuppoſed to act but for a moment. 
The quantity of motion in bodies has been proved 


the momentum or quantity of tnotion may be the 
fame in different bodies, and yet may have very diffe- 
rent effects upon other bodies, on which they impinge. 
For if a ſmall body with a velocity impinge up- 
on another body ; and if, by reaſon of its ve- 
locity, it act more ſtrongly upon the {i of 
the body upon which it impinges, than the of 
coheſion of the parts of that body; then the part 
ated on, will, by this vi action, be ſeparated 
from the reſt ; whilſt by reaſon of the very ſmall time 
of acting, 
reſt of the body. But if a great body with ꝝ ſmall 
velocity ſtrike another body; · and if by ceaſon of its 
ſlow motion it does not act fo vigo as to exceed 
the force of coheſion z ther pare — will communi- 
cate the motion to the reſt of the body, and the 
whole body will be moved Tubus if a bul- 
let be ſhot out of a gun, the momentum of the bul- 
let and piece are equal; but the bullet will” ſhoot 
through a and the gun will only jump a little 
againſt him that diſcharges it. Therefore ſmall bo- 
dies with great velocity, are more proper to tear in 
pieces: An great bodies with ſmall velocity, to ſnhake 
or move the whole. e 
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PROP. x. 


The ſum of the motions of any two bodies in any one line 
direftion, towards the ſame part, cannot"? changed 
any ion of the bodies upon each other ; whatever 
orces theſe attions are cauſed by, or the bodies exert 
among themſelves. TT 


NN. 


to be as the velocity and quantity of matter. But 


little or no motion is Communicated to the 


21 


aſide, and the whole effect imputed to the force only, 110. 
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GENERAL LAWS. 


Here I eſteem progreſſive motions, or motions toe 
wards the ſame part, affirmative; and regreiive 
ones, negative. | 


| C481 I. 


Let two bodies move the ſame way, and ftrike one 
another directly. Now ſince action and re- action (by 
Ax. 3) are equal and contrary, and this action and 
re · action is the very force by which the new motions 
are generated in bodies; therefore (by Ax. 2.) 
there will be produced equal changes towards contra- 
ry parts. And therefore whatever quantity of motion 


1 by the preceding body will be loſt by the 
following one; Au conſequently, their ſum is the 
ſame as before. 


And if the bodies do not ſtrike each other bat are 
ſuppoſed to act any other way as by preſſure, attrac- 
yon, repulſion, c. yet ſtill ſince action and te- action 
are equal and cootrary; there will be induced an equal 
change in the motion of the bodies, and in contrary 
directions; fo that the ſum of the motions will ſtill 


Cassz II, 


* the bodies to ſtrike each other obliquely ; 
then ſince (by the laſt Prop.) they act upon each other 
in a direction perpendicular to the ſurface in which 
they ſtrike; the action and re- action in that direction 


being equal and contrary ; the ſum of the motions, 


the ſame way, in that line of direction, muſt remain 
the ſame as before. And ſince the bodies da not act 
upon each other in a direction parallel to — 
ſurface ; therefore there is induced no change of mo- 
tion in that direction. And therefore univerſally the 
ſum of the motions will remain the ſame conſidered 
in any one line of direction whatever. And if the 


bodies 


l 
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Sect. I. or MOTION. 23 
bodies act upon one another by any other forces F1G. 
whatever; ſtill (by Ax. 2. and g.) the changes of mo- 

tion will be equal and contrary, and their ſum the 
ſame as before. | | 


Cor. 1. The ſum of the metions of any ſyſtem or num- 
ber of bodies, in any one line of direction, taken the ſame 
way, remains altvuys the ſame; whatever forces theſe 
bodies exert upon each other : efteeming contrary motions 
to be negative. And therefore, | 


Cor. 2. The ſum of the motions of all the bodies in 
the world, eftimated in one and the ſame line of direction, 
and always the ſame way; is eternally and invariably 
the ſame : eſteeming theſe motions affirmative which are 
progreſſeve, or directed the ſame way; and the regreſſive 
motions negative. And therefore in this ſenſe motion can 
neither be increaſed nor diminiſhed. But 


Cor 3. If you reckon the motions in all direction to 
be affirmative, then the quantity of motion may be increaſ- 
ed or decreaſed an infinite number of ways. As ſuppoſe 
two equal non-elaſtic bodies, io meet one another with 
equal velocities ; they will both ſtop and looſe all their mo- 
tions. E 


For let M be the motion of each, then before meet- 
| Ing the ſum of their motions is MA; and after 
their meeting, it is o. But in the ſenſe of this Prop. 
M—M is the ſum of the motions before they meer, 
becauſe they move contrary ways, which is 0; and it 
is the ſame after they meet. And thus a man may put 
ſeveral bodies into motion with his hands, which Lad 
no motion before; and that in as many ſeveral di- 
rections as he will. 


C4 PROP. 


GENERAL LAWS 


„ | 

The motions of bodies included in a given ſpace, are the 
ſame among themſetves ; whether that ſpare is at reſt, 
er moves uniformly forward in à right line. 


For if a body be moving, in any right line; and 
there be any force equally imprefſed, both upon the 
body and the right line in any direction. And in 
conſequence of this, they both move uniformly 
with the ſame velocity z now as there is no force to 
carry the body out of that line, it muſt ſtill continue 
in it as before; and as there is no force to alter the 
motion of the body in the right line; it will (by Ax. 
x.) ſtil] continue to move in it as before. For the 
ſame reaſon, the motions of any number of bodies 
moving in ſeveral directions, will ſtill continue the 
ſame; and their motions among themſelves will be the 
ſame, whether that ſpace be at reſt, or move uniform- 
ly forward. 

Likewiſe, ſince the relative velocities of bodies, 
(that is, the difference of the real velocities the ſame 
way, or their ſum, different ways) remain the ſame, 
whether that ſpace be at reſt, or it and the bodies 
move uniformly forward all together. Therefore their 
mutual impulſes, colliſions, and actions upon one an- 
other, being (by Cor. 3. Pr. IX.) as the relative ve- 
locities ; muſt (by Ax. 3.) remain the ſame in both 


SCHOL. 


Before I end this ſection, it not be amiſs to 
mention a certain king of force, called by the foreign- 
ers, vis viva. This they term a faculty of ating; and 
diftinguiſh it from the vis mortua, which with them 
ſignifies only a ſolicitation to motion, ſuch as preſſure, 

ravity, Cc. concerning this vis 274 they talk ſo ob- 
purely, that it js hard to xn what they mean by 
it, 


& I. or MOTION. | 
But they meaſure its quantity by the number of 
prings which a moving body can bend to the ſame 
of tenſion, or break; whether it be a longer or 
a ſhorter time in bending them. So that the vis vive 
the total effect of a body in motion; acting till its 
motion be all ſpent. And according to this, they 
find, that the (or vis viva) to overcome any 
number of ſprings ;* will always be as the body multi- 
ply'd by the ſquare of the velocity. | 


at equal diſtances in a right line; and a 
moved in the ſame right line againſt theſe ſprings ; 
then the number of ſprings which that body will break 
before it ſtop, will be as the ſquare of its velocity : 
whatever be the law of the reſiſtance of any ſpring in 
the ſeveral parts of its tenſion. For from 42 


going Props. it appears, that the ſwifter the bod 


moves, ſo much leſs time has any ſpring to 

againſt it to deſtroy its motion. And — An the 
motion loſt by one ſpring will be as the time of its 
acting; and by ſeveral ſprings as the whole time of 
heir acting: and conſequently the reſiſtance is uni- 
form. And ſince the reſiſtance is uniform, the velo- 
city loſt will be as the time, that is; as the ſpace di- 
etly and velocity reciprocally; whence the ſpace and 
erefore the number of ſprings is as the ſquare of the 
elocity. And upon this account they meaſure the 
orce of a body in motion, by the ſquare of the velo- 
City. So-at laft the vis viva ſeems to be the total ſpace 
paſſed over, by a body meeting with a given reſiſtance; 
which ſpace is always as the fquare of the velocity. 
\nd this comes to the ſame thing as the force and 
2 _— the common mechanics. Pa 

ow it to be a neceſſary property of t 

vis viva, that the reſiſtance is — But there 
are infinite caſes where this does not happen; and 
n ſuch caſes, this law of the vis viva muſt fail. And 
nce it fails in ſo many caſes, and is ſo obſcure in it- 
ſelf, it ought to be weeded out, and not to pals for 
R principle in mechanics. Likewiſe 


Su any number of equal and ſimilar ſprings. 
y 


25 


Tx 


in the motion of 


ery particle of mat- 


viva can on 


impinge on one ano- 


the conſervation of the vis 


bur in ifs reſpelk i muſt eter- 


Vis wins was firſt introduced by 75 


M. Leibnitz, who believed that ev 


GENERAL LAW S 


Likewiſe if bodies in motion 
ther, 


impulſe 


notion of the 


his 


ter was endued with a living foul. 


there are no bodies to be found in nature which are 


{o; this law will never hold 


bodies after 


place when the bodies are perfectiy elaſtic. 


my fail. 
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The laws of gravity, the deſcent of beavy 
bodies, and the motion of projettiles. 


IX aa 2 


PROP, XII. 


"ej Mw ty of force is requiſite to keep a body in 

motion, direc} nds as is required to 
1 it i ſuſpended, or at reſt. 

And if a body deſcends uniformly, the ſame force that is 
ſufficient to binder its acceleration in deſcending, is 
equal to the weight of it. 


For the force of gravity will act equally on the bo- 
dy in any ftate, whether of motion or reſt. Therefore 
if a body is projected directly upwards or downwards 
with any degree of velocity; it would for ever retain 
ts velocity, if 1 it were not for the force of gravity 
that draws it down, (by Ax. 1.) If therefore a force 
ual to its gravity were applied directly upwards ; 
then (by Ax. .) theſe two forces deſtroy each other's 
effects; and it is the ſame thing as if the body was 
acted on by no force at all. And therefore (by Ax. 
I.) it would retain its uniform motion, 


Cor. But if a body be moved upwards with an accele- 
rated motion; the farce to cauſe that motian will be 
greater than its weight ; and that in 3 to its 
2 . dene 


PROP, 
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LAWS or GRAVITY. 


PROP. XIII 


The velocities of falling bodies are as the times of their 
falling from reft. 


For by poſtulate 3. the body is uniformly ated oh 
by ity, which is its accelerating force down- 
wards ; therefore by Cor. 3. Prop. V. the velocity is 
2s the force and time diretity and the matter recipro- 
cally. But (by Ax. 5-) 0 .) the force of 9 
quantity of matter; and conſequently, the velocity 
will be as the time. 


Cor. 1. All bodies falling by their own weight, gain 
equal velocities in equal times. 


Cor. 2. Whatever velocity a fal 7 
time; if it be thrown direliiy upwar will loſe as 


much in an equal time : (by 4. = And — 


Cor. 3. Fa bedy be prejetted upwards with the velc- 


city it acquired by falling in any time; it will in the ſame 
time loſe all its motion. alſo 


Cor. 4. Bodies thrown upwards loſe equal velocities 
in equal times. 


PROP. XIV. 


deſcribed by falling bedies are as th 
The face 4 ee 2 reſt m—_ 


poſtul. 3. gravi 3 
ur 1 8 the ſpace deſcribed 1s 
— ET: But by be aſt Prop. the 
time is as the velocity z and therefore the ſpace de- 
„ 8 
or. 


T8 nh 


St, II. LAWS or GRAVITY. 
Cor. 1. The ſpaces deſcribed by falling bodies are alſo 
quare root of the height fallen. 


Cor. 2. Taking any equal parts of time; then the 


daces deſcribed by a falling body, in each ſucceſſrve part of 
time, will be as the odd numbers 1, 3, 5, 7, 9, 11, Oc. 


For in the times 1, 2, 3. 4, &c. the ſpaces deſcrib- 
ed will be as their ſquares 1, 4, 9, 16, &c. And 
therefore in the differences of the times or in theſe 
equal — x; the ſpaces deſcribed will be as 
the dil of the ſquares, or as 1, 3, 5, 7, &c. 


Cor. 3. A body moving with the velocity acquired by 
alling through any ſpace, will deſcribe twice that ſpace in 
the time of its fall. By Cor. 1. Pr. 6. 


Cor. 4. Fa body be projected npwards with the 
velocity it acquired in falling; it will, in the ſame time, 
aſcend to the ſame height it fell from; and deſcribe equal 
paces in times, both in rifing and falling; but in an 
inverſe order; and will bave the ſame velocity at every 
point of the line deſcribed. 81" 


For by Cor. 2. of the laſt Prop. equal velocities will 
de gained or loſt in equal times, (reckoning from the 
laſt moment of the deſcent). Therefore, at the 
everal correſpondent points of time, the velocities will 


ſ 
Cor. 5. If bodies be projeded 


upwards with any veloci- 


be velocities, or as 
bſcending. © 
For in deſcending bodies the ſpaces deſcended are a 


* the ſquares of the times of ther 


as the ſquares of the velocities ;, or the velocity is as the 


de equal ; the deſcribed in any given time vill 


lier; the beights of their aſcent will be as the ſquares of 


G 


110. the ſquares of the laſt velocities, by Cor. 1. and by 


LAWS or GRAVITY 


Cor. 4. the ſpaces aſcended will be equal to thoſe de- 
ſcended. * 


Cor. 6. If a body is projected upwards with any velo- 
ity; with 7 Jame velocity undiminiſhed, it would 


deſcribe twice the ſpace of its whole aſcent, in the [ante 
1 time. By Cor. 3 = 1 N 


Cor. 7. Hence alſo Cams te Aſn of 
ET DOTS. 


SCH OL. 


It is known Km. jor png Yom body falls 
of time, and requires a velo- 
2 + feet in a ſecond; 
1 other 


onge than in aſcend- 
— — 7 
— voor Ao pars with the velocity it falls 
with, will not aſcend quite to the ſame height; but 
r that in moſt caſes, they may 


ſafel 
Ide force by which a bd is accelerated in fall- 
ing was directly as the height fallen from; it may be 
computed (by. Cor. 2. Pr. V.) that the velocity ac- 
will alſo be as the height; or the ſpace de- 
directly as the velocity. And therefore it bo- 
dies were projected upwards they would in this caſe 
__ to hei 8253 _= are as the velocities with 
. 4 This being with 
the Er res. Prop. it is eaſy to conclude that 


OSS. FFFCFE ZRK2 88.82 


gect. II. L AWS or GRAVITY. 
bodies projected moe "or in proper 
which is neither of a given ty, nor in 
tion to the diſtance of the body Goals the op 
ny but between them; * theſe botlies — 
then aſcend to heights which are between the ſimple 
and duplicate ratio of the velocities. 

And as theſe propoſitions lead us to the knowle 
of the relation between the velocities and ſpaces « 
ſcribed, from the forces being given. So vice verſa, 
from that relation being given, the forces may 
be known. Whenee if bode are projected with any 
velocities into a medium, and the ſpaces de- 
ſcribed within that body, meaſured ; the conſtitution 


of that body, and the law of its- reſiſtance will be 
found. 


PROP. XV. 


If a body be projeted either parallel os ths Sts, 
in any oblique direction; it will, by its motion, 
FG 

be 


ſcribe a parabola. 


Let AD be the direction of the mation, L 
C. 
body 
line 


let 
equal. draw LAG, BF, CG, DH, & 
e api ven 
AG, AH, &c. then by Ax. 1. if were with- 
d and 
times. 


&c. 
out gravity, it would move on in the line AD; 
21 lines e Lo &c. in 

ow vity in perpendicular 
F 
but a motion in direction AM. 
body inſtead of being at B, C, D, &c. 
ſame points of time be at F, G, H, &c. 
force of gravity will deſcend through the 
CG, DH; which are as the ſquares of the t 
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FE 
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the 

. The line of direflion AD is a tangent to the 
A. And the latus refium to the point A is 
4 
BF 


. Hind in the oblique projemion, the princi- 


Cor. 2. If the borizontal velocities of projeBiles be the 
fame, whatever their elevations be; they will deſcribe the 
Tame parabola. 


For if AB be the velocity and direction 4 
jectile, then AO is the horizontal velocity. hen 
the body comes to the vertex G, its motion is then pa- 
rallel to the horizon, which parallel motion remains 
the ſame as before, that is equal to AO. Therefore it 
deſcribes the ſame parabola, as a body projected from 
G with velocity AO parallel to the horizon. 


Cor. 3. The velocity of a projeBile in any point of the 
curve, is as the ſecant of the angle of its direction above 
the borizon. 


For AO the horizontal velocity is the ſame at all 
points of the curve; and the velocity AB at A, in 
+ is the ſecant of the angle of elevation 


Cer. 


Seck. II. PROIJEKCTILEsS. 


Cor. 4. The velbcity, at any Point of the curve is the 
ſame that is acquired by falling 1 + the latus 
refum belonging to that point: Or (which is the ſame) 
through + the principal latus reflum r- the ahſciſſa to 
that point. 


locity in int as A; then the ſpace 
ſcribed in the Ze time with.chat velocity in 
AV, will be 2 AI (by Cor. 3. Pr. 14.) but in 
time, by the ſame force of gravity, the bod 


The borizontal diſtances of projeclions, made with any 
the doubled angles of elevation, and the ſquares of 


velocities. 


Let v = velocity of the projefiile meaſured by the 
ſpace it paſſes through in time 1. 
f = deſcent of a * body by gravity in the ſame 
time. | X 
x = AE the horizontal diſtance, or amplitude. 
12 5 of the elevation, V AB. - 
222 fine 5 of twice the elevation. 
den by tri „ 25=4, and 255=Þ, when 
1 is 1. in the right angled triangle 


D BL 


33 


10. 


am elevations, are as the _ | 


mn 
:: (rad.) 1 = = Ax, and 


SN 
43222 $3 = #3, 


and by Prop. III. 


And by Prop. XIV. 
"fi (rirpe) A: * (V8) : _ ſquare of the time 
of deſcribing VE. Now the on if OO; 


XX 


fore x = e yy And therefore x or AE is 
as vvA. | 


Cor. 1. Hence, the altitudes of projettions are 22 


ſquares of the fines of elevation, and the ſquares of the 
velo he the doubled 
_ pony, 16 oa 


Fer if be the vertex, Ava a 
YE = F Sackee 9 . 
ac is as vvss or as vvB. 


Cor. 2. The ojeBiles, be 
— and the es Nek, 4 4 * 


For the tin e = [I 


7 


Cor. 3. The greateſt random or horizontal projeFi0n 
i4 at the elevation of 45 degrees. And the 2 
anc! 


ged. Il. PROJECTILES. 33 
diſtances are equal, at elevations equally diſtant above and x10. 


below 45% | 
SCHOLIUM. 
Let h be the height of the perpendicular projection 
with the velocity vs then will þ = =. whence 
A 
-2ontal difance 2 = Ab \ 
— EY þ 
5 
„ne of flight == 1 V. þ 
1:75 Pp f 
re- 
E is PROP. XVIL. . 


The diſtances of projettions made on amy inclined planes, 
are its the complicate ratio of the fines of the angles 
which the lines of direction make with the plane and 
zenith z and the ſquares of the velocities, direfily ; and 


the cofines ſquare FH the plants elevation: reciprocally. 


Let AE be the inclined plane, the direction of 
e projectile, SA, CP, YE perpendicular to the hori- 

on; AGE the path of the projectile. And let 

v velocity of the projetiile in A, meaſured by the 

pace it deſcribes in the time 1. 


f = re aided a deſcending body in the ſame 


5 = fineof VAE, 
c = ſme of VAS. 
x ine of SAE. 
x = AE the oblique diſtance, or random. 
Then by plain trigonometry, 


e:x (AE) :: 2: ==, and 
C 


D 2 62 


PROJECTILES. 
61 K N A2 
And by Prop. III. | 
Space v: time 1 :: (A = ; = = time of de- 
ſcribing AV. And by Prop. XIV, 
Space /: time 1 : : (VE) = 3 = = ſquare of the 


throu 
x AE. VE being equal, 


s 
or = = = whence x = 
7 


and F being a given quantity, x or AE is as 


SUV 
faz* 
4 


ZZ 
Cor. 1. The _— above the plane are as the ſquare: 
of the velocities, the ſquares of * ſenes of elevation above 
the plane, direct h: and the ſquares of the cofines of the 
planes elevations, reciprocally. 


For if AP = PE, then G is the vertex of the para- 
bola, in reſpect of the plane AE. And GP = ; VE 
E r f 


ac = Jaz 
Cor. 2. 4“ 


the velocities and 
the 


fines of elevation above the 
planes elevations reciprocally. 


. 3 Hence alſo the altitude is as the ſquare of tht 
time of flight. 


For 


ect. II. PROJECTILES. 


For the altitude is as —» and the time as =, 


Cor. 4. The greateſt projection upon an inclined plane, 
is when the line of direction biſſefts the angle between the 
plane and zenith. And the projettions are equal at ele- 
ations equally diſtant from this line, above and below. 


For upon the ſame plane, AE is as tc, and 5c is 
preateſt when c. And at equal diſtances above 
and below 5c is the ſame, 


Cor. 5. This Prop. holds true whether the projection: 
be made up or down the planes. 


SCHOL. 
Let h = height of the perpendicular projection as 
before, then þ = . whence 


af 
Length of the projection = 72 _— 


2 
Height of the projeftion = S392 — —. 


Time of flight =: == = 
And if d=AE the length of the projection, then 


933 df | 5 
KF =4 whence v=z /=, And ſuppoſing the ut 


o 4 
— 


oft random of one of our greateſt guns to be 5864 
paces z then v=194 paces = 324 yards, ſo that a 
dall ſhot out of her moves at the rate of 324 yards in 
| ſecond. Alſo it may be noted, that by reaſon of a 
greater reſiſtance of the air, the upper ranges, ſcarce 
o ſo far as the under And the greateſt ran- 
om upon a horizontal plane is at ſomething leſs ele- 
ation chan 45 degrees. 


F tht 


For 


37 
FIG. 
8. 


SE CT. III. 


The Properties of the mechanical powers ; 
the ballance, the leaver, the wheel, the 
pulley, the ſcr ew, and the wedge. 


PROP. XVIIL 


If at the ends of a ballance AB, which are equally diſtant 
from the center of motion C, two equal weights be ſuſ- 


pended ;, they will be in equilibrio 


Here AB that repreſents the ballance is ſuppoſed 
to be a right line, in which are the three points A, B, 
C. Now the weights 4, B cannot act upon one an- 
other any otherwiſe than by means of the AB 
whoſe fixt point is C. 

Suppoſe then that any force applied at A puts the 
body A into motion, and by means of the ballance the 
body B ; then ſince the brachia or ends of the beam CA 
and CB are equal; the arches Aa, Bb, deſcribed by theſe 
bodies will be equal. Conſequently the velocities and 
q uanties of matter of A, B, being equal, their momenta 
or motions will be equal. And, becauſe ACB is a 
right line, they move in a con direction; and 
therefore by Ax. . theſe bodies cannot of themſelves 
raiſe one the other, but muſt remain in equilibrio. 

Cor. Hence forces A, B applied at equal diſtances 
From the center of mation C, will have the ſame eſfelt in 
turning the ballance. 

PROP, 
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PROP. XIX. 


In any freight leaver, if the power P be to the weight M, 

as the diſtance of the weight from the fulcrum C, to 
the diſtance of the power from the z the 
power and — acting perpendicularly on the leaver) 


will be in equi 


A leaver is inflexible beam, ſtaff, or bar, 
whether of metal or wood, Sc. that can any way be ap- 
plied to move bodies. There are four kinds of leavers z 
1. A leaver of the firſt kind is that where the ful- 
crum is between the weight and the power (fig. 10.). 
2. A leaver of the ſecond kind is where the weight 
is between the fulcrum and the power, (ſig. 19.) 
3. The leaver of the third kind is where the powerP 
is between the weight and the fulcrum, (fig. 20.) 
4. The fourth kind is the bended leaver, (fig. 12.) 


CASE I. 


In the leaver of the firſt kind TYP, inſtead of the 
8 P apply a weight P to act at the end CP. And 

t the leaver /CP be moved into the poſition , 
Then will the arches #2, Pb be as the radii, CF, 
CP; that is as the velocities of the weight and power. 
Whence ſince P: V:: : CP, therefore P:: 
velocity of Y: velocity of P: therefore P x veloci- 
ty of P= x velocity of V, conſequently the mo- 
menta or motions of P and F/ are equal. And fince 
they act in contrary directions, therefore by Ax. , 
neither of them can move the other, but they will re- 
main in equilibrio. 


Cas? II. 


The leavers of the ad and 3d kind may be reduced 
to the iſt, thus: make Cp=CP, and inſtead of the 


D 4 power 


39 
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_ y a weight equal to it at p. then 
caſe 1, the PP I and AN 
ther in equilibrio; and (by Cor. Pr. 18.) the weight 
+ and power P will have the fame c in turning 
the leaver, therefore the m_— and weight will 
be in equilibrio. 


Cor. 1. In any fort of leaver whether ſtreigbt or bended, 
and whether moveable about @ agile point C: or an ax- 
is AB; or whether the leaver be fixed to the axis and 
both together moveable about to centers A, B, or what- 
——_ orm the leavers have ; If AB be a right line, 
and the ends P, M, there be drawn lines to the 
n and if the power 
and weight att to theſe lines, and be always 
reciprocally as theſe diſtances drawn to the center C or axis 
AB; then they will be in equilibrio. 


Cor. 2. In any fort of a leaver WCP, and in what- 
ever direftions the power and weight aft on it; if their 
quantities be reciprocally as the perpendiculars on their 
ſeveral directions, let fall from the center of motion; they 


_ will be in eguilibrio. 


the power and weight will be in equilibrio if 


they be ſuppoſed to act at E and D; and by Ax. 14, 
ſes » thing whether they act at E and D or at 


P ad I, 


Cor. 3. Hence univerſally, if any force be applied to 
6 leruer; its effect in moving the leaver will be as that 


farce multiplied by the diſtance of its line of direction 
from the center of motion. 


Cor. 4. If two bodies be in equilibrio on the leaver, 
each _ is reciprocally as its diſtance from the center. 


5. In the fireight leaver when the weight and 
power as i Ta and at perpetuate 
"aver 
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laaver or in parallel direftiens ; then of theſe three the 21d. | 


er, weight, and preſſure upon the fulcrum, any one 
17 them is as the diftance of the other two. | 


For if CP repreſent the weight V, then CF will p44 | 
repreſent the power P. and in fig. 10. C ſuſtains both 283. 
the weights, and therefore the preſſure is VP; and 
fig. 19, 20. C ſuſtains the difference of the weights, 
and therefore the preſſure will be VP. 


PROP. XX. 


If ſeveral weights be ſuſpended on a ftreight lever AB; 21 
and if the ſum of the produfts of each weight multiplied 
by its diſtance from the center of motion C, on one fide be 

ual to the ſum of the produtts on the other fide ; then 
* will be in equilibrio, and the contrary. 


For the force of each weight to move the leaver is as 
the weight multiplied by the diftance (by Cor. g. laſt 
Prop.); and the ſum of the products is as the whole 
forces; which if they be -equal, the forces on both 
ſides are equal, and the leaver remains at reſt. 


PROP. XXI. 


If a bended leaver MCP be kept in equilibrio by two 
powers, acting in the directions PB, VA perpendicular 22. 
to the ends of the leaver CP, ; and if the lines 
of direftion be produced till they meet in A, and AC 
drawn, ard CB parallel to VA. IT ſay the power P the 
weight or power M, and the force acting againſt the ful- 
crum C, will be reſpetiively as AB, BC, AC; and is 
theſe very directions. 


Draw CB, CF parallel to A, PA; then the angle 
WFC=WAP=CBP, and the right angled triangles 
CF and BCP are ſimilar ; „ 


42 


10. CP :: 


23. 


C; and ſome force ats 
3. If BEbedrawn 
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by Cor. 2. Pr. 19.power P: power V. Now 
fince (by Ax. 14.) r 
of the lines of direction PB, V, the forces P, be 
applied; let us ſuppoſe them both to act at the point 
of interſection 4; then ſince the point A is acted on 
by two forces, which are as CF and CB, or as AB and 
AF; and both theſe are equivalent to the fingle force 


AC (by Cor. 2. Pr. 7.) therefore the fulcrum C is act- 


ed on by the force AC, and in that direction, by 
Ax. 11. 


Cor. 1. Hence the power P, the weight W, and the 
ure the fulcrum C ſuſtains ;, are reſpefiively as WC. 
22 PW, that is am one, is as the diftance of the 
tber FWo. 


For ſince the angles at P, W are right; CA is the 
diameter of a circle paſſing through the points A, P, 
C, Vz therefore the angle W/PC=WAC=ACB, and 
the apgle CWP =CAP, therefore the triangles ABC, 
MP ue ſimilar ; and AB : BC :: M: CP, and BC: 
AC :: CP: PV. therefore &c. | 


Cor. 2. In any leaver WCP, the lines of direftion of 
the powers WP, WF, and of the preſſure on the fulcrum 
C; all tend to one point A. | 


For if not; the leaver would not remain in equi- 
librio. * 


PROP. XXII. 


Tf AB, CD be two leavers moveable about A, and 
upon the end B of the leaver AB, 
in direftion BF; whilft the leaver AB ads upon CD at 
| perpendicular to CB, and AE pa- 
rallel to BF: And if theſe leavers keep one anather in 
equilibrio, Then I jay, ihe force in direffion BP, force 


againſt 


S8 A 


ppb pg ASBPB 


D QI > 
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ain DC in direftion EB, and the preſſure againſt the 210. 
pare are reſpeiively as AE, BE, AB. 5 23. 

Ern 
at B in the direction E icular to BC; and the 
leaver CD reacts in direction BE; and (by Ax. 19.) 
the point A is acted on in direction BA. therefore the 
point B is acted on with three forces; BF the force 
applied at B. and BZ the reaction of the leaver CD, 
and AB the reaction of the center A; and AE is pa- 
rallel to BF; therefore (by Prop. 8.) theſe forces are 
as AE, BE, and AB Tr 


Cor. If two forces BF, BE afting 
the leavers AB, DC, keep theſe leavers in equilibrio 


| 
| 

The force BE, farce BF, preſſure at A, are reſpeftvvely | 
| 


KSS 


& 


to 


as radius, Coſ. ABD, and S. ADB. 


For then ABE is a right angled triangle; and theſe 
forces are as BE, 45 AB ; that is, as radius, 
S. MBE, and S. AEB; that is, as radius, cof. ABD, 
and S. ABD. 


„HG. 8 


PR OP. XXIII. 


FA, BC be two leavers moveable about the centers A 24. 
and C; and if the circles KBM and DBE be deſcribed 
with the radii BC, BA; and upon the circle BM as a 
baſe, with the generating circle DBE, the epicycloid 
BNE be dłſcribed; and the leaver CB and epicycloid 
BNE be joined together in that very poſition ſo as to 
make but one continued leaver CBNE. And i 8 
leavers CBNE, and AB move about the centers C, A; 
ſo that the end D of the leaver AD be always in the 
curve of the epicycloid DK; I ſay that two and 


. 


contrary forces at D and K, acting cular to the 
— KC, will always keep theſe leavers in equi - 
1910. 


For 


44 


24. 


25. 


26. 


then the arch BK arch BD. Whence the weigh 
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For let the leavers 4B, CBNE come into the poſi- 
tion AD, CKDF; then ſince the epicycloid KD is de- 
ſcribed by the point D, whilſt the arch DB rolled up- 
on the equal arch BK ; therefore the end D of the ra- 
dius AD hath moved thro” an arch BD equal tothe arch 
BK, thro which K has moved. Therefore the points D, 
K have equal velocities in any correſſ t places D, 
K. Therefore equal weights H, I, applied to the circles 
DB and BM will have equal quantities of motion; 
and will therefore keep other in equilibrio, by 
Ax. 9. 


Cor. 1. Hence if one leaver AD move uniformly about 
the center A, the other (XD will alſo move unift 
about its center C. And the arch BD deſcribed by 
will be equal to the arch BK deſcribed by X. 


Cor. 2. It is the ſame thing whether the leaver AB 
alt againſt the convex or concave fide of the leaver CKD, 
provided the end D be always in the curve KD. 


Cor. 3. Aſter a like manner if BE be an epicycloid 
deſcribed within the circle BRM, by the generating circle 
BD. And the leaver CBE be compounded of the right 
line CB and the epicycloid BE ; then the leavers CBE 
and AB, by equal forces acting at B, will keep one ano- 
ther in equilibrio in any poſition, as CKF and AD. 


For when AB is come to AD, and CBE to CKDF; 


ts or 
forces acting at the diſtances CB, AB, have equal ve- 
locities ; and therefore will ſuſtain one another. 


Cor. 4. If BC be infinite, or (which is the fame 
thing) if BK be a right line cular to AB ; then 
BE or KDF will be the vulgar cycloid. Therefore 


whilſt the point D moves uniformly about the center A, 
the 


with equal velocities and forces: The peint D in 
| | the 


int K will move uniformly along the right line BK, 


8 
tt 
4 


ene 
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the mean time ating upon the cycloidal tooth KD. And 110. 
any equal oppoſite forces — vepnyes og 


Ts ble manner if BA be infinite, or BD 4 right 27. 
line perpendicular to BC; then BE or DK will be 


an epicycloid generated by the tangent DB revolving on 
the circle BK. And the velocities of K in the right 


line BK, n will be always 
forces will — "= in all po- 
27 * CKD. 


1 — "0 


- 


— ww a3 3O© 


5. If the figure of the tooth ef, at the end of the 28. 
ily 74 wp cycloid BE be deſcribed as 
before. And if the leavers AB, CB be made to revolve 
about their centers A, C; „, 5 move 

in the coded e _ FF the tract of 2 - 
treme s of the toot * n 

the * J as at fgggre. 7 cos And if 
the part feDdKf be cut away, if the tooth be to aft on 
the concave fide of the epicycloid; or fut » if on the 
convex fide. Then if the leavers revolve ſo that the tooth 
move along the curve gg or nn; the points D and K of 
the leavers AB, CD, will move with equal velocities, in 7 
the arches BD BK, as before. 


For the fixt point B in the tooth will ſtill deſcribe 
the epicycloid. 


Vw * 


Cor. 6. If the two epicycloids BE, BO be deſcribed 
TY BM, BL with the generating circles BD, BK ; and 
leavers AB, CB revolve about the centers A, C; ſe 


that the BorD of the leaver AB move along the 
Mcd, BE or T5 Then the point B or K, of the 


leaver CB, will at the ſame time move along the epicy- 
cloid BO or DET; and the points D, K will deſcribe the 
equal arches BD, BK. And therefore it is the ſame thing 


on which leaver the Ocloidal tooth be placed, or whether 
on one or both. 


S EX» Des > 


46 


5210. For the 


9» 


24. 
25. 


30. 
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epicycloid e will 
through K, if BD=BK. Alſo the epicycloid 


8, generated u XB, will D, when 
__ —... 


SCH Ol. 


The leavers 4B, CB are ſuppoſed only to act 
one another, below the line AC; for was the 


In the wwheel and axel, if the power P be to the weight 
W, as the diameter of the axel EF where the weight 
atts to the diameter of the wheel AB, where the 

4 then the power and weight will be in 


_ equilibrio, and the contrary. 


For let AB be the wheel, CD the axel; and fu 

grader fb ord Bom Pon 
A 

OS ame of Ge ade, and the weiahe 
ight equal to the circumference - 
of P, to velocity of 
2: as circumference of the wheel, to circumference of 
the axis :: or as diameter of the wheel, to diameter of 
the axis :: that is ( (by ſuppoſition) as V, to P. There- 
fore the motions of P and , are equal; and have 


equal forces to move each other, and therefore (by Ax. 


9.) will remain in equilibrio. 

This will appear otherwiſe. For the wheel 
and axel may be reduced to a leaver of the firſt kind. 
For the fulcrum will be in the middle of the axis CD. 
therefore drawing lines from the middle W 
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the power and weight, 

the radius of the wheel will be the diſtance of the 
power, and the radius of the axel the diſtance of the 
weight. And as theſe radii are reciprocally as the 
weight and power, therefore (Op T9. Prop. 1 2k ) they yp 
be in equilibrio. And thus 

no more but a perpetual leaver. 


Cor. 1. J the roge beve ſenſible thickneſs ;, then if 
the power P: weight & :: ee th the 
diameter of the rope : diameter of the wheel where the 


power alis; they will be in 


Fer the wilghs exilly. hangs. elf the dhickark .of 
the rope, beyond the axel. 
Cor. 2. If the direflion of is not @ tangent 
222 e. 
then if P: W :: 


to the 1 
ts the line of direfion , 
4 then they will be in 3 by Cor. 2. 
Pr. 19. : 


If the wheel and axel, one or both have teeth ; 
ther} tr oor 7 ein ng on the teeth at B, be to the 

W atting on the teeth at AJ; as the diameter of 
the mules 4 toads Benet of ate wht of ©, they 
the wheel is in equilibrio. 


Cor. 4. And it is the ſame thing if inſtead 


2 whoſe leng! 


Cor. 5. The force of the weight is increaſed when one 
or marc foires of the rope is felled about the axel. For 
chat in effect, augments the diameter of the axel. 


Cor. 6. It matters not how low the weight hangs. 
For whilſt the axel remains the ſame, the refiftance of the 


weight 


47. 
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710. weight remains the ſame, ſelting afide the weight of the 


rope. 
PROP. XXV. 


Let NBD; MBR be two toothed wheels in the fame plane, 
and if the teeth of the wheel BM be theepicycloids BE, 
kd, KD, deſcribed on the baſe KBM, with the generat- 
ing circle BN, and theſe teeth all eguidiſtant; and if B. 
d, D the ends of the teeth of the wheel! NBD be alſo 
eguidiſtant, and theſe diſtances Bd, dD equal to Bk, 

EK. Then I ſay the points of the teeth B, d, D will 

all act together, on the cycloidal teeth BE. kd, KD, 

as the wheels turn round. And any points D, K, will 
move through equal arches BD, BK in equal times. 


Draw the radii AD, Ad, and CK, Ct; then AD and 
CKD may be conſidered as two leavers moving about 
A, C, and acting on one another in D: And the ſame 
of Ad, Ckd, acting at d. But by the motion of the 
wheels BD, BK, ſuppoſe D always to be in the epicy- 
cloid KD; then (Cor. 1. Pr. 23) will BD = BR, and 
fince Dd—=Kk, therefore Bd will be = Bk, and con- 
ſequently (by Cor. 1. Pr. 23.), the point 4 will be in 
the epicycloid kd. And thus if there be never ſo ma- 
ny teeth B, d, D, &c. they will always be in the 
curves of the epicycloids BE, kd, KD, &c. therefore 
the working teeth either act all at once upon one ano- 
ther, or they act not all. And as the velocities of 
any points are equal in the two wheels BD, BK when 
only one tooth acts upon one; they will ſtill be equal, 
if never ſo many act together. 


Cor. 1. Hence any equal weights or forces applied to 
the circumferences of th:ſe two wheels, as at B, and 
atling one againſt the ober, will keep theſe wheels in 
equilibrio. Likewiſe it is the ſame thing whether the 
wheel AB drive the wheel CB, its teeth afting upon the 
concave fide of the cycloids; or the whee! CB drive 4 a 

t 
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the convex fide of the cycloid ating againſt the teeth of v toi 
AB. 33. 


Cor. 2. Hence, inſtead of the points B or the infinitely 34. 
ſmall teeth of thewheel ABD ; if any ſort of tooth robe plac- | 
ed at B; and if the wheels be made to move about ſo that 
the given point B may deſcribe the epicycloid BE or KD, 

2 1 the tra? of the extreme points of the tooth is mark- 

ed out as Ne, D; and the ſpace KeDf be cut away; 

and the ſame be done for all the other teeth, being eqnidi/- 

tant and of the ſame form and bigneſs. if one 
theſe wheels is ſuppoſed to drive the other, by theſe teeth 
running in the ſpaces DfKe; I ſay the circumferences 
of theſe wheels will move with equal velocities, and all the 
working teeth will alt together. This is evident becauſe 
the points B, D will by this motiondeſcribe the epicy- 
cloids as before. | 


Cor. 3. If the epicycloid BY be deſcribed on the baſe 35. 
BK, with the generating circle BD; and a portion of 
the epicycloid be placed at equal diſtances B, L, K, for 
teeth; then the teeth of the wheel A atting againſt the 
cycloidal teeth will make the motion equal in the two 
wheels. Where we may take as preat a portion of the 
cycloid * 1 2 232388 74 

be 0 e, not to binder the motion of t 
teeth of A. „ it is the ſame thing what part 7 the 
tcoth LO, the tooth G acts againſt. 


Cor. 4. But the teeth ought not to aft above the line 
AC, which joins their centers. And though the fd 
BO of the tooth may be of any form, yet it is better to 
make them both ſides alike, which will ſerve to make the 
wheels turn backwards. Alſo a part as par may be cut 

away on the back of every tooth, to make way for thoſe 
of A. And the more teeth that work together, the bet- 

ter; at leaſt one tooth ſhould always begin before the vther 

bath done working. The teeth ought to be diſpoſed in 

Juch manner as not to trouble cr hinder one another, be- 
: E fore 
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110. fore they begin to wort; and that there be a convenient 


The power P acting 
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length, depth, and thickeneſs given them, that they may 
more eaſily diſengage themſelves; as well as for ſtrength. 


P RO P. XXVI. 


In a combination of wheels with as. if the 
be to the weight V, as the produts of the 11 r 
all the axels , 0 the produft of 2 * 


wheels, they will be in equilibrio. 


For by Prop. XXIV, 

at A : force on B:: diam. B: 
diam. A, and force on B or C: Force on D : : diam. 
D: diam. C, and force on D or E: weight at 
Fu diam F: diam. E. 

therefore ex equo, 

| : weight :: uct of the diameters 
B, D, P: to the product o the diameters A, C, E. 


Cor. 1. In a combination of wheels going by cords; if 
the power P be to the weight V; as the product of all 
the diameters of the axels B, D, 2 to the product of all 
the diameters of the wheels 4, c, „ they will be in equi- 


For the cords ſupply the place of teeth. 


Cor. 2. In any combination of wheels with teeth; if 
— er P be to the weight W; as the diameter of the 
et F where the weight acts, into the produts 
of the teeth in each pinion or 3 is to the diameter 
of the wheel A, where 2. alis, multiplied by the 
Product of the teeth in each of the wheels (that the pi- 


nions act againſt) ; the weight and power will be in equi- 


librio. 


For 


oO 2 
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nt 
2 For the number of teeth in each wheel and pinion 
. _— r 
or as the di of that wheel and pinion. 
Cor. 3. And bence alſo, if the power be to the weight, 
p in a ratio c of the diameter of the axel F, 


where the weight atts, to the diameter of the wheel A 


4 where the power ads, and the ratio of the number of 
teeth in the firſt wheel (E) to the number of teeth in the 
ſecond axis (D), and to the number of teeth in the ſecond 
wheel (C), and to the number in the third axis (B); 
and ſo on till the laſt; then they will be in equilibrio. 


Cor. 4. In a combination of «wheels, the number of re- 
volutions of the firft wheel F, to the number of revolutions 
of the laſt wheel A in the ſame time; is as the produtt 
of the teeth in the pimons, to the produt? of the teeth in 
the wheels which ad in them: or as the praduct of the 
diameters of the pinions, to the produft of the diame- 
ters of the wheels. 


SCHOL. 


In wheels whoſe teeth work together, they ſhould 
not encounter before they come to the line joining 
their centers; becauſe the rubbing is greater on that 
ſide; but being paſt the line, the teeth ſlip eaſily along 
one another, in making their eſcape, ſo that the friction 
is very inconſiderable. | 


PROP. XXVII. 


If a power ſuſtain a weight by means of a rope going over 
a fixt pulley ;, then the power is equal 2 1 
But if the pulley be moveable together with the 
weight, and the other end of the rope fixed, then the 
Power ci be half the weight. 
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MECHANIC POWERS. 


For ſuppoſe a horizontal line AB drawn 
the center of the pulley C, then that line will repre- 
ſent a leaver, and (in fig. 39.) where the pulley is 
fixt, thecenter C being kept immoveable repreſents the 
fulcrum ; whilſt the weight acts at B, and the power 
at A. and becauſe BC CA, therefore (by Prop. 19.) 


the power P is equal to the weight . 

And (in fig. 40.) the fixt point B is the fulcrum, 
and the weight acts at C, the power at A; and 
fince BC is AB; therefore (by Prop. 19.) the 


power P is half the weight Y. 


Cor. Hence all xt pullies are equivalent to leavers 
of the firſt kind. And they add no new force to the 
power, but only ſerve to change the direction, and facili- 
tate the motion of the rope: But a moveable pulley 
doubles the force. And if a rope go over ſeveral pullies, 
A, B, C, whoſe blocks are all fixt ; the power is neithcr 
zacreaſed nor diminiſhed. 


PRO P. XXVIIL 


In a combination of pullies all drawn by one running rope ; 
Fd the power P be to the weight V; as 1 to the num- 
of parts of the rope at the moveable block A; they 

be in equalib1 10. T 


For (by Ax. 18.) all the parts of the m, o, u, 
r, 3, t, v, are equally ſtretched, and the weight is 
ſuſtained by the number of ropes that act againſt the 
moveable block ; and the rope v or the power P acts 
with the force of one. Dr the — is to 
weight; as 1 to the number of ropes ing at 
n i 11 


Cor. Hence the power is to the force by which the im- 
| . moveable 


Sed. III. MECHANIC POWERS. 


53 


moveable block B is drawn; as 1 to the number of ropes id. 


afting againſt that inimoveable block. 


PROP. XXIX. 


In the ſcrew, if the power P be to the weiebt V; as 
the height of one thread (reckoned according to the 
length of the ſcrew) to the circumference deſcribed by 
one revolution of the power ; then they will be in equi- 


For the weight V riſes the height of one thread, 
whilft-the power deſcribes the circumference whoſe ra- 
dius is PC. Therefore the velocities of the power 
and weight are reciprocally as their quantities. 
Therefore their motions are equal, and they are in 
equilibrio. | 


Cor. 1. In the endleſs or perpetual ſcrew AB, whoſe 
teeth take the teeth of the wheel CD. If you take the 
diſtance of two threads in the ſcrew AB, according to the 
length of the axis AB; or the diſtance of two teeth in 


the wheel CD, in direfion of the circumference. And if 


a weight W aft at the circumference of the wheel CD. 


then if the power P, be to the, weight W; as that di- 


ance (of the teeth or threads) to the length deſcribed by 
38 P in one revolution; then they are in equi - 
9. : 


For in one revolution of P, the wheel DC with the 
weight has moved the diſtance of one tooth. 
Cor. 2. And by reaſon of the obliquity- of the 
teeth, the force acting cular to the teeth, the la- 
teral force perpendicular to the wheel, and the dire 
force in the plane of. the wheel; will be reſpectively, as 


And 


radius, the fine and cofine of the obliquity of the 5 


E 
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MECHANIC POWERS. 


For let GD be the ſide of a tooth acted on; GE pa- 
rallel to the axis of the wheel, _—— 
to it, or in the plane of the wheel ow if GD re- 
reſent the force acting perpendicular to the tooth. 

hen DE, GE will be the forces ating in the direc- 
tions GE, DE, (by Cor. 1. Pr. 8.) but if GD be ra- 
= DE is the fine of the obliquity and GE the c- 


Cor. 3. The leſſer the diſtances of the threads, and the 
longer the bandle is; the eafier any given weight is moved. 


Cor. 4. What is bere ated will hold equally 
true, if the wheel CD att upon another wheel with oblique 
teeth, inſteed of the worm AB. 


SCH OL. 


The force of the ſcrew reſembles the force that 
drives a body up an inclined plane; the force acting 
parallel to the baſe of as plane. 


PROP. XXX. 


Lot EFG be the baſe of a wedge in form of an ifoceles 

angle; then if the power atling perpendicular to the 

baſ þ FG, is to the force atting pd either fide in di- 

reftion perpendicular to that ſide; as the baſe of the 

wedge FG, to either of the figes EF, EG : then the 
wedge is in equiliprio. 


For draw the axis ED perpendicular to the baſe FG; 
and CA, CB, perpendicular to the ſides EF, EG. 3 
DC is the direction of the power. And (by 2 
the impediment to be removed, 
wedge in the directions AC, BC; = * 2 (by 
Cor. 1. Pr. 8.) the power, and the actions of the im- 


pediment 
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MECHANICAL POWERS. 


r are as FG, FE, EG reſpectively, when they p30 


Cor. 1. The power afling perpendicular to the baſe, 
is to the force ating op ertber fide, in direction pa- 
rallel to the baſe 


be baſs — be beigh £67 ED: whe bean — 
as the baſe FG, tot ED: when t e ie iy 
1 


For the force EO ma 
DG (by Cor. 3. Pr. 7. Tben ſince '(by this Prop.) 


is the force acting in direction CB; ED will de 
—— — DG. — 


Cor. 2. The w the enedge, or the more acute its 
angle, the eaſier it will divide any thing or overcome any 


SECT. 


bee eons BD. 
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Jpetively, as 


[536] 
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SECT. IV. 

he deſcent 2 2 Bodies upon inclined 
1 


51e | n curve ſurfaces; and 
ms motion of pendulums. 
PROP. XXXI. 


1 « her body M, be ſuſtained upon an incline plane 
22 ” aa atting in a direflion parallel to that 


a Wh of the body, length AC, 


The 
The power that ſuſtains it, * height CB, 


And its preſſure againſt the( And the baſe AB, 
plane, are 8 of the plane. 


Draw BD ar to AC; then the force of 
a pd to the horizon, or paral- 
At IE dune of th power . (by Pr, 
to 4 againſt plane is 
9.) parallel to DB. And therefore their quantities are 


reſpectively as the three lines CB, CD, BD, 


r_ that = tes les CB, CD, BD, to 


Cor. 1. The weight, power, and preſſure, are re- 


radius, the fine, and coſine of the plane's 


elevation. 


For the ſides are as the ſines of the oppoſite angles. 


Fr. . ot: 
TT . 


f | ll TITS. * F 


Set. IV, vrox IncLineD Pranss. 


Cor. 2. The relative weight of a body, to make it run 


drwn an inclined plane, is as the beight direflly, and 
Ingth reciprocal, : or it is as the fine of the 

Cor. 3. If a cylinder be ſuſtained upon an inclined 
Plane, by a power drawing one end of à rope parallel to 
the plane, whilſt the other end is fixt. This power is to 
the weight of the cylinder; as half the height, to the 
length of the plane. 


For half the relative weight of the cylinder is ſuf- 
tained by the other end of the rope which is fir. 


PROP. XXXIL 
If a beavy body W be ſuſtained upon an inclined plane AC, 


a power acting parallel to the borizon. Then, 

The weight of, the body, © The baſe AB, 

The power that ſuſtains it, ( The beight CB, 

T he preſſure againſt the plane,( And the lengt AC, 
are reſpetrvely as of the plane. 


For the body is ſuſtained by three forces, the power, 
the grevicy, and reafiien of the phenn, "The weight 
is perpendicular to AB, the power is to 
CB, and the preſſure is ar to AC. There- 


AC. 
Cor. Hence the preſſure on the the 


„ the power and 
the weight ;, are reſpectivehy, as radius, the fine and co- 
fine of the planes elevation. 


PROP, 


456. 


fore (by Cor. 1. Pr. 8.) theſe forces are as AB, CB, 
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DESCENT or BODIES 
PRO P. XXXIII. 


To heavy boch W be ſuſtained upon an inclined plane AC, 
any given direflion WP. And 


a power mg in 
| 1 bs fall prpeniculr an „. Then 


For ſince BD is u— cog 
the power, AB to the direction o XX * 
the direction of the on the plane. Therefore 
(by Cor. 1. Pr. 8.) theſe forces will be reſpectively as 
BD, AB, AD; when they are in equilibrio. 


lll Cor. 1. The power, wei gbt, and preſſure againſt the 
> il rx are reſpervely as Be toe of © he eleva- 

cofine of the angle of traction CWP, and the coſine 
of the a the pore above the borizon. 


The angle of traction is the angle that the direc- 
on WY wer makes with the plane. And in the 
ngle ABD, the ſides are as the ſines of the 


de angles, where C. D = complement of DW 


| Cor. 2. Hence whether the line of direction of the 
No be elevated above, or below the plane ; if the an- 
1 attion be equal, equal powers will ſuſtain tht 
Deke But the preſſure is * when the line of 
direction runs below the plane. 

Car 3. The power P is leaft when the line of dire&ion 
E ue to the plane, And infinite when perpendicular 
to it. And equal to the weight, when perpendicular 10 
4 borizon. 8 

or 


"PPEPT S 


dect. IV. Uron IncLixzD PLaAnzs, 


elocities will be reciprocally as their quantities. 


For let the weight at V be made to deſcend to A. 
d draw Vr perpendicular to AF, and V D to 
B: then the weight P will have aſcended a height 
Ar, which is its ndicular aſcent; and V is 
perpendicular t of V. The Art 
ind AE Dy are ſimilar, as alſo the triangles AEB, 
DvB. Whence Vt: Ar :: Do: AE:: DB: AB :: (by 
his Prop.) P: V. 


Cor. 5. And therefore if any tzvo bodies be in equilibria 


C, 
nd 


i be reciprocally as their quantities of matter. 


p RO P. XXXIV. 


The ſpace which a body (deſcending from reſt) deſcribes 
upon an inclined plane, is to the ſpace which a body 
falling perpendicularly, deſcribes in the ſame time; as 
the height of the plane CB, to its lenghth AC. 


The force wherewith a body endeavours 
I deſcend upon an inclined plane is equal to 
power that ſuſtains it; and (by Pr. 31.) 
* by ty of the —_— 
ore t is urged upon the an 
uniformly accelerating force which is to "the force of 
gravity as CB to CA. But (by Pr. gj.) the motion 
; generated in the ſame time, and in the ſame body is 
Zion as the force, that is (ſince the body is given) the ve: 
ular locity is as the force. And (by Prop. 3.) the {| 
r to uniformly deſcribed with the laſt velocities will be as 
theſe velocities; and (by Cor. 1. Pr. 6.) theſe ſpaces 
are double the ſpaces deſcribed by the * 
forces. 


pon two inclined planes; their perpendicular velocities 
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710. forces. Therefore the ſpaces deſcribed on the 
51, and in the ular, are as the laſt velocities, or 
as the forces, that is as CB to CA. 


Cor. 1. Hence if BD be let fall to AC; 
then in the time a body falls thro* the height a, another 
os cy Grin plas, will run through 


- hr hate rene are as CA to CB, that is, as CB to 
CD, by fm triangles. 


- Gor. 2. The velocity acquired upon an inclined plane, 
is to the velocity acquired in the ſame time by falling per- 
. as CB io CA, or as CD ts CB. 


© Cor. 3. The ſpace deſcribed by a body falling down any 
plane in à given time, is as the fine of the plant's ele- 
vation. 


For if CB be given, CD is 2s the fine of CBD or 


. 


| Cor. 4. The foaces deſcribed by @ body deſcending on 
any given plane, are as the ſquares of the times. 


. — . HH = XX > ——_ _— . . 


1 | PROP. XXXV. " 
4 The time of a body's deſcending through the plane CD, i 
to the time of falling through tbe cular beight 

F CE; OT TAP 8 the height CE. il 

C For DE, AB to CB, and BD i 

| to . al 525 be through CD or the G 
& Aer r CH: time of dene * CE :: (by 
Cor. * the body be ads to move AY again with the 
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velocity acquired in deſcending, it will aſcend to the 110. 
* ſame height on the plane, and is thy jane time. * 51, 


For it will be uniformly retarded in aſcending 3 
and in all points will have the ſame v velocity in aſ- 


cending as deſcending. 
SCH Ol. 


Since the force by which bodies deſcend down an in- 
clined plane, is a uniformly accelerative force; therefore 
n bodies in Sect. II. 


holds equally true, in motion of bodies 
_=_ an inclined plane; cubſtirur; the relative 
t ". "__ plane, inſtead of the abſolute weight 


of 
on any Hence 1. e an inclined 
ele- plane, will rib a panola. An And if the velocity 

of projection upon plane, be to the — 
of a in the air; as the relative gravity on 
the plane, to the abſolute gravity. And both pro- 


jected at the ſame obliquity; the ſame parabola will 
be deſcribed in both caſes. | 


PROP. XXXVI. 


A body acquires the ſame velocity in deſcending down an 
inclined — CD, as by J_ perpendicularly thro 
the beight of that "I 


For draw DB xicular to CD, and the bodies 
will deſcend through CD, CB in the ſame time; then 
(by Cor. 2. Pr. 34.) velocity in D : velocity in B : 
CE : CD, and (Car 1. Pr. 14.) velocity in B: — . 
= in E : : CB: /CE:: CD: CE. ore ve- 
locity in D : velocity in E :: CE : CE, and therefore 
the velocites'ia D and E are equal 


Cer, 


62 
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ſelves. 
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Cor. 1. A body acquires the ſame velocity in falling 
from height, whether it falls perpendicularly, 
down — — plane 77 the height. hs 


Cor. 2. Hence the velocities acquired by beavy bodies 
falling from the ſame beight to the ſame horizontal right 
line, on any whatever, are equal among them- 


Cor. 3. If the velocities be equal at any two equal 
altitudes D, E; they will be equal at any other two 
equal altitudes A, B: And acquire equal increaſes of velo- 
city, in paſſing tbr EB, DA of equal heights. 


Cor. 4. The velocites acquired by deſcending down any 
Planes whatever, are as the ſquare roots of the beights. 


PROP. XXXVIL 


In à circle whoſe diameter CB is perpendicular to the ho- 
rizon, a body will deſcend through any cord CD or 
DB in the ſame time as it will deſcend perpendicularly 
through the diameter CB. 


For the angle at D is right, therefore (by Cor. 1. 
Pr. 34.) the time of deſcending through CD will be 
equal to the time of deſcending icularly thro* 
CB. Draw CE parallel to DB, then will CE be equal 
to DB; and a body will deſcend through the cords 
CE, DB in the ſame time. But the time of deſcend- 
ing through CE is the ſame as falling th the di- 
ameter. Therefore the time of deicending th 
any cord CD, DB, is the ſame as falling through 
diameter CB. . | 


Cor. 1. The times of deſcending through all the cords 
of a circle, drawn from either point C or B, are equal 
among themſelves, Cor. 
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Car. 2. The velocity acquire 
cord CD, or DB, Py at of the cord. 


For draw DF perpendiular to * 4 then CD = 


SCBxCF and BD ,; and Abt. * a 
body acquires the ſame velocity 

CD, as in falling through CF, bur this (by Tor 

Pr. 14.) is as „CF, that is as CD. Alſo a 
quires the ſame velocity — nd] that 
is as BF or as DB. 


Cor. 3. But a body will deſcend ſooner through the 
ſmall arch of à circle, than throkgh its cord TB. 


For if BG, TG be two tangents; then the relative 
gravity at T in the arch and cord will (by Cor. 1. Pr. 
TO) te as the finis of the rages FOD, TBO, or as 
br; and 7G or BG that is nearly as 2 to 1 when the 
is very ſmall. And the accelerative force in the 
double to that in the cord; therefore the 
| be greater in the arch, and the time of 


* 
velocity 


deſcription ſnorter; though their lengths are nearly the 


ſame. 


PROP. XXXVIII. 


If a body deſcends freely along any curve e 
another body deſcends from the ſame height in a 
pendicular right line; their velocities will be 


all equal altitudes. 


Let a body deſcend from A towards C pe 
lar to the horizon BC; and another deſcend through 
the curve ſurface AKB. Divide AC into an infiture 
number of equal parts, at the points D, E, F, &c. 
to which draw lines —— to BC, interſeQing the 


curve 


rpendicu- 
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DESCENT or BODIES 
= F1G. curve in I, K, G, &c. then the curve line M will be 
. 63. divided into an infinite number of parts, IX, KG, 
is | &c. which may be taken for right lines ; or the curve 
| ſurface into an infinite number of planes, joining at 7, 


X, G, &c. | 
Now n to be equal in any 
D; then (by Cor. 3. 


1 correſ t points as 7 

Pr. 36.) will be equal in K and E, after the de- 
ſcent IK ; and being equal in X and E, they 
will alſo be equal in G and F, after the deſcent thro 
KG, and ſo on. Therefore ſince the motion 5 


in A, will acquire equal velocities in deſcendi 
through the firſt and likewiſe through the 


zd, 4th, &c. therefore the velocities will be equal 
in all correſpondent points / and D, K and E, G and 
F, &c. and at B and C. 


N is effected by the ſtring of the 
pendulous body, as by the ſmooth ſurface of a poliſh- 
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ed body. 


Cor. 2. Hence à body aſcillating en any curve line 
| whatever, acquires the ſame velocity in the curve; as if 
1 it bad fallen perpendicularly from the ſame height. And 
| therefore the velocity in any point of the curve, is as the 
ſquare root of the beight deſcended. 


Cor. 3. And a body after its deſcent through any curve, 
will aſcend to the ſame height in a ſimilar and equal curve, 
or even in any care whatever. Aud the velocities willl be 


equal 
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at all equal altitudes. And the aſcent and deſcent Y 10. 
240 in 2 time, if the curves are the ſame. 54. 


For the forces that generated the motion in de- 
ending will equally deſtroy it in aſcending, and 
thereſore they will loſe equal velocities by aſcendi 
qual heights. And if the curves are ſimilar — 
qual, every particle of the curve will be deſcribed 
with the ſame velocity, and therefore in the ſame time, 
yhether aſcending or deſcending. 


Cor. 4. This Prop. is equally true, whether the 
urve AKB be in one plane cular to the borizon, 
Wor in ſeveral planes IK, KG, &c. winding about in na» 
ure of a ſpiral. 
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PROP. XXXIX. 


The times of deſcent through two ſimilar parts of ſimilar 
; * are in the ſi cate ratio of their lengths, 
5 . 


Divide both curves into an equal number of infi- 
itely ſmall parts, ſimilar to —__ other; and let bc, 
C, be two of them, ſimilarly poſited. And draw 
„, RB ndicular to ab, AH. By Prop. III. the 
pace deſcribed is as the time and velocity, and the 
ime of deſcribing any ſpace, is as the ſpace directly 


ine and velocity reciprocally. By Cor. 2. Pr. 38, the velo- 
x ities in þ and B are as Vrb and X that is becauſe 
Oy rb, ANB are ſimilar, as /ab and VB. therefore the 


time of deſcribing 4c : to time of deſcribing BC :: 

be , BC. ab . 3 

Vas I ©  AB** 4b: Ah :: Vad: AD, 

becauſe the curves are ſimilarly divided. Whence, by 

compoſition the whole _ of deſcribing ab: whole 
time 


- . — - 4 * - — 


66 DESCENT or BODIES 
F1G. time of deſcribing AB:: is in the ſame given ratio of 


54. Vab: / AB. or Yad: YA. 


Cor. 1. Hence if two Pendulums deſcribe ſimilar ar- 
ches; the times of their Vibrations, are as the ſquare 


roots of their lengths. or the lengths as the ſquares of the 8 


times of Vibration. 


For let hd, HD be the lengths of the pendulums ; 
= becauſe the figures are ſimilar, it is ad: AD :: 
: HD. 


Cor. 2. If a pendulum vibrates in a circle, the veloci- 
in deſcending. 


For (by Cor. 2. Pr. 38.) it acquires the ſame velo- 
city in the arch as in the cord; and (by Cor. 2. Pr. 
37-) the velocity in the cord, is as the cord. 


Con. 3. The length of pendulums vibrating ſimilar ar- 
ches, are reciprocally proportional to the ſquares of the 
number of their vibrations, in à given time. 


PROP. XL. 


Fa pendulum vibrates in a cycloid, the time of one vi- 
bration, is to the time of a body's falling Cu- 
larly through half the length of the Pendulum; as the 
circumference of a circle to the diameter. 


tn 
VU 
. 


in vibrating deſcribe the arch Db. Divide HD into 


innumerabie ſmall parts, and let Bb be one of them. 
Throdgh , B, +, draw HMb, BL, I, perpendicu-| 
lar to the. axis FD. about the diameter MD deſcribe 
the'ſemi-circle MLD; and from its center Q, draw} 


2L i 


2 


ty in the loweſt point is as the cord of the Arch it deſcribed 


1 
2 


Let Ma be the cycloid, FD its axis, FGD the ge- 
nerating circle. Let the body deſcend from H, and ; 


POT ng 


Wor 


Or 


gect. IV. xn CURVE SURFACES. 


che er 
DE=GD* triangles NN and L are ſimi- 
lar, and NL: PL:: 9L : L, and a M.: Ns :: MD 
: L. And fince by the nature of the cycloid, the tan- 
gent in B is parallel to the arch GD, therefore Gg is 
N pan ang pans parallel to Bb. 
= Now ſuppoſe a body to deſcend from E 
the incl 
forml — — therefore (by Cor. 1. Pr. 6.) it 
would, in the time of its fall, deſcribe 2ED, with the 
velocity acquired in D. And ſince (by Cor. Pr. 3.) 
nee and velocities re- 
22 z and (by Cor. 2. Prop. 38.) the velocities 
as the ſquare roots of the heights; therefore it will 


4 rime of deſcribing ED : time in Ce: 355, 2 


ity is given, the time is as 
the ſpace deſcribed. therefore it will be as time in Cc : 


time in Bb :: Cc : Bb or Gg :: CD: : GD or /CDxDE 
: CD: DE: VDN: / DM; by fimilar 


EI HD is 
= 3 Db : And (by 
h ED is 
he Rn 
ulum us 
＋ . 
2 


equal to the time of aſcendin throu 
Prop. 37.) the time of 

equal to the time in the diameter FD. 
che length of the 
curvature in P); 


2, alfo draw LP N and DE, DG, 1 


es 19 G DE are ſimilar, and CD 


plane ED; fince this is a motion uni- 


therefore ex uo, time in ED : time in B: 
2 MDX MN 5 : N DM: 2 DN or 


* * 2 
95 
Py 
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1 half che length of the pendulum FD : time in HDb or 
55. time of one vibration : : diameter MD : circumference 


2MLD, 


Cor. 1. Hence all vibrations great and ſmall, are per- 
formed in the ſame time. For the deſcent through HD Þ 
is always the ſame, wherever the point I is taken. 


Cor. 2. The time of deſcent in HB, to the time * * 
deftent in HD; is as the arch ML, to the ſemicircumfe- Þ per 
rence ML. D. 


Cor. 3. The velocity of the pendulum in any point B, 
is as /DIF—DF, or yHBXBDF. 


For (byCor. 1. Pr. 14.) the ſquare of the velocity in 3 Y * 


ED*—G I for 
| is ax MN,that ir as MD—ND, or F or DF*F gra 


—DB*# ; becauſe DH=2DE, and DB=2GD by the 
pature pf the cy cloĩd; and DF is given. 

56. _ - Us <- If the length of the pendulum VD be made 
double the axis FD; and ARV, arV, be two ſemicycloids 
equal to AHD. and ſo placed that the vertex as D be at 
A and a. then the pendulum VH vibrating between the 
Ocloidal cheeks ARYL, arV ; the paint H will deſcribe 
rag 9427 AH¹ 1 fat the 2 its vibration we 

e 3,1415 X time 0 7 mg FD, half the lengt 
of t the pendulum. 


| All this follows from the e catch 


. =" Hence alſo it appears from Experiments on | ths 
pendulums, that at the ſurface o J the earth, a heavy bo- 


will deſc 5 x 
; 22 @ ſpace of 16,1 e fee; mh. f 


For it is found by obſervatian, upon clocks, that a | 
1 I 
= 


. 7” EN ION 36 nike af AC 2 {8 Low.” th. 
" R ». * "I" 
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therefore —— = time of a body's falling through *; 


1 1 


14.) the ſpace fallen through in dennen be = L 


X 3 1416*=193,096 inches = 16.0913 feet. Yet 2 
pendulum vibrating freely will be ſo longer in 
¶ vibrating than a clock; becauſe the palate wheel of the 
dock acting againſt it, takes off ſomething from its aſ- 
cent, and makes it return ſooner, or ſhortens the time. 


Cor. 6% Hence alſo Neri 
F matter, and lengths be atted on by 

I forces of gravity ; their lengths will be as the 2 of 
DEF FÞ gravity, and the ſquares of the times of vibration. 


, 


For the times of vibration are in a given ratio to 
che times of deſcent through half the lengths of the 
pendulums. And (by Cor. 3. Pr. 5.) if the matter be 
given, the velocity in deſcending bodies is 
as the force and time; and (by Pr. 6.) the ſpace de- 
ſcended is as the velocity and time, that is, as the 
force and ſquare of the time. therefore half the length 
of the ulum, is as the force, and ſquare of the 
time of deſcending half its length ; whence the length 
is as the force and ſquare of the time of vibration. 


Cor. 7. From the motion of pendulums it alſo follows 


that in am one plate, f 1 
2s proportional to its al. 


For it is certain from that pendulums of 


equal length, whatever quantities of matter they 
— v1 vibrate in the ſame time. Therefore they will 


half the le of the ulum in 

* ſame 1 . * Lay acquire 
equal ddr in the fe ts „ 
8. 


con- 
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q' "ol N the quantity of 
i] 56. 


matter is as the 


of gravity. 


Cor. „ . 2 "© that - Tu 7 the 
or empty ſpaces in or r. 7.) 

quantity of matter is as the gt ofthe body i 
Ts Ges that (have le an 


of Ge fone bull: walk be of cqual wake = is 


contrary to all experience. 


PROP. XLI. 


If a pendulum AT ofcillates in a circle T 
mean time be atted on in the ſeveral points T, 
farce tending cular to the horizon, whic 

to the uniform force of gravity; as the arch TR, 

is to the fine TN : the times of all vibrations will be 
equal, whether greater or leſſer, 


For from int 7 draw TZ perpendicular to 
the horizon, TY a tangent to the circle in Tr and 
let A the uniform force of gravity, TZ the 
variable force at T; draw ZY icular to T. 
then the force TZ will be reſolved into the two TY, 
YZ. of which ZZ, acting in direction AT does not at 
all change the motion of the body, but the force TY 


＋ 


directly accelerates its motion in The Girdle TK. The 


triangles 4TN, ZTY are ſimilar, and TZ : TA:: TY: 
x a. 28 ſuppoſition) TZ : TA :: arch TR: TN; 
refore TY == arch TR. that is, the force TY is as 
E Therefore if AT, At be 
let fall together from the points 7, 7; the velocities 
in equal times, will be as the forces T7, h; 
ther gs Ho ek FR, 2 But the 
deſcribed at aning motion, are as 
— 1 that 1 deſcribed at 
the beginning; and therefore the which remain 
to be deſcribed, and the ſubſequent accelerations pro- 
portional 


2. g. n FF AZ BP 
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Dog 
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portional to theſe Parts, are alſo as the wholes, c. Id. 


Therefore the velocities generated, and the parts de- 
ſcribed with theſe velocities, and the parts to be de- 
ſcribed are always as the wholes. And therefore the 
parts to be deſcribed, being every where as the veloci- 
ties they are deſcribed with, will be deſcribed in equal 
times and vaniſh together: that is, the two bodies oſ- 
cillating will arrive at the perpendicular AR together. 


Cor. 1. Hence, that the vibrations in a circle may be 


iſocronal; the force TZ muſt be = X gravity. 
Cor. 2. Hence if a pendulum vibrates by the force of 


gravity only; the times of vibration, in very ſmall, dif- 
ferent arches, will be very nearly equal. 


For in ſmall arches the ratio of the arch to the ſine 
is nearly a ratio of equality. 


Cor. 3. But the time of vibration in larger arches, is 
greater than the time in leſſer arches of a carcle. 


For the gravity at T being leſs than the iſocronal 
force; the body will be longer in deſcribing that arch. 


Cor. 4. Hence alſo if a pendulum vibrates in the ſmall 
arch of a circle; the time of one vibration is to the time 
of a body's falling through twice the length of the pendu- 
lum; as haif the circumference of a circle to the diame- 


ter. 


For AR is the radius of curvature of a cycloid, 
whoſe axis is IR. therefore the circle and cycloid coĩn- 
cide at R, and the ſmall arches of both will be de- 
ſeribed in the ſame time, that is, as expreſſed by Prop. 
40. only here we take twice the length of the pendulum 
and half the circumference, which comes to the ſame 


thing, by Cor. 1. Pr. 39. | 
* F 4 SCH Ol. 
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bob is to be let down or raiſed, to beat ſeconds. 
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In theſe Propoſitions, the vibrating body is ſup- 

to be very ſmall, and is therefore conſidered on- 

y as a point. But if it beof any determinate bigneſs 

the point to which the length of the pendulum is mea- 

ſured, is not in the middle or center of gravity of the 

body ; but in another place, and is called the center 
of oſcillation, as will appear in the VI. Section. 

It has been proved that a ulum is longer in 
vibrating in a large arch of a circle than in a ſmall 
one. And it may be computed, that if a ulum 
vibrates ſeconds in an extre ſmall arch; and C 
in inches, of the cord of any arch A; 
then 3 CC will be the ſeconds loſt in 24 hours by vi- 
brating.in the arch 2. 

And if a pendulum vibrates ſeconds in an arch 2a, 
and c be the cord of a, or of half the whole arch. then 


2:XCC—cec will be the ſeconds loſt in 24 hours, by 
vibrating in the arch, the cord of whoſe half is C. 
Alſo if the bob of a pendulum can be ſcrewed up or 
down; and you put * = number of threads of the 
ſcrew contained in an inch, y time in minutes that 
the clock gains or loſes in 24 hours. Then it fol- 
lows by the theory of pendulums, that , ay will be the 
number of threads or revolutions of the nut, that the 


If 
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f the W Of the center of gravity and its pro- 
nter perties. 
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PROP, XIII. 
. If a line be drawn from the center of gravity of a body 
cular to the horizon ; if this alls 


toit hin the baſe upon which the refts, the body 
will and; but if it falls without the baſe, it will fall 
down, ; 


Case I. 
Let C be the center of 


ity, CD , 
to the horizon, falling iin the baſe BEG; draw 


I 


RC and ſuppoſe the whole body ſuſpended 
librio, and remain at reſt upon 


— TT cs 
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CASE II. 


But if CD fall without the baſe ; then the line RC 
and the body at C will endeavour to deſcend towards 
D; alſo the body C and line & will endeavour to 
Shed on wards D likewiſe, and as this motion does 
mots, ned A2 there will be nothing to ſup- 
* 4 therefore it muſt neceſſarily fall to- 


Cor. 1. Hence , follows that if the center of gravity 


be ſupported, the whole d. And 
12 * il of the 19 2 Bm 2 


2. a 
am, its place is at the point where the beam is cut by 
* the center of Gravity perpendicular to 
the horizon. 


Cor. 2. All the gravity of @ body, or the force it en- 
deavours to deſc — 0 is collefled into the center of 
Gravity : therefore whatever ſuſtains the center of 
gravity, ſuſtains the whole weight. And the deſcent of 
a body muſt be eſtimated by the deſcent of its center of 


gravity. 


Cor. 3. Hence alſo * bb 
body ſtands, and the further within it the center of gravity 
lies, the firmer the body will land; and the more diff- 
cult to be removed. On the contrary, the leſs the baſe, 
or the leſs the center of gravity falls within it, ſo much 
the agity # 4s t6 be apind aus of its pies. 


Cor. 4. be laid GF, and one 
end F * 4 7e Z 2. 1 4 down 5 
plane, if the CD fall within the baſe ; but Z 
if it fall without, it will roll down. 


PROP. 
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PROP. XLII. 


The common center of gravity C of two bodies A, B, is 61. 
in the right line joining their centers of gravity ; and the 
diſtance of either body from the common center of gra- 
vity, is reciprocally as the quantity of matter in it. 


Let A, B be the centers of gravity of A and B, 
and ſuppoſe AB to be an inflexible right line, or lea- 
ver; and C the fulcrum. Then if C be the center of 
gravity of the bodies A, B; theſe bodies (by def. 12.) 
will be in equilibrio. And conſequently (by Cor. 4. 
Pr. 19.) AC: CB:: B: A. : 


Cor. 1. F there be never ſo many bodies; the common 

center of gravity of them all is in the right line drawn 

21. From the center of gravity of any one, to the center of 

r of gravity of all the ret; and it divides this line into two” 

r of WY 2-715, reciprocally as that body to the ſum of all the reſs 
t of of the bodies. | 


* For let D be another body; and let B and A be 
pros Cy then will C: D:: DE: CE. and fo on 
or more bodies. | ' 


Cor. 2. If ſeveral bodies A, B, D, E, F be in equili- 62. 
brio upon a ftreight leaver AF; then the fulcrum C is at 
the common center of gravity of all the bodies. 


PROP. XLIV. 


If there be ſeveral bodies A, B, D, E, F; and if any 63. 
Plane P be drawn 1 to the horizon; 
the ſum of the produlis of each body multiplied by its 
diſtance from that plane, if they are all on one fide; 
er their difference, if on different ſides; is equal to þ 
um 
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710. | 


Cor. 4. 1 e is 63. 
the very ſame, as if 

— ceuter of gravity, and — 1 fon eie 
there 


For the ſum of all the forces are H N 


&c. or RCA E+F. 2 
Cor. 5 | Adbegh 6 ain mp or whatever 
with 3 to the center of _ 7 2 
ſeveral forces 


r 
5 2.—.—. ee, A. 
Cor. 6. If @ circle be Wferibed about the center of 


where it as. 
gre 80. 

vity G, of a ſyſtem of bodies A, B, C; and any point 

taken at pleaſure in the circumference z then Late. 

XB-4- SC is 6 yon quantity. | 


For draw SG, on which ler foll the perpendicyiers 
Aa, Bb, Cc. Then (by Eucl. I. 12, +3.) SLX A+ 
SB: x B+SC» x C=$G* 5- GAs + 386 X Ga xXA+ 
$G* + GB*—2SG x Gb x B4-SG®*+GC*+28G x Ge XC. 
but (by Cor. 2.) - <a and all the 
reſt are given quantities. 


PROP. XLYV. 


If there be ſeveral forces in one plane, afting againſt one 
anether inthe point C, whoſe quantities and diretion 64. 

re CA CB. CD, CE, CF, and if they keep one 
another in equilibrio : I ſayC is the center of gravity 
of all the points of, B,C, D, E. And any one of them 
as produced, will paſs through the center of 
gravity & of all the reſt. 


Since 


65. 


and act againſt it in the ſame line of direction. 


as the perpen 
forces Aa, Bb, on one fide, are equal to all thoſe Dd, 
Fon the other, by Ax. 11. And if the body 
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ilibrio, the ſum of 
ill deſtroy its effects, 


Since all the forces are in 
inſt EC 


U 
H: 


EC let fall the perpendiculars Aa, Bb, Da, 
any force ACis divi ed into two Aa, aC. Nom 
point C is in equilibrio, all the dicular 


1 be 
to be ſuſpended at 4, B, D, E, F. then 
fince AaX1+Bb x 1=Ddx 1 + Fx 1 ; the center of 
vity of the bodies 4, B, C, D (and alſo of all the 
Edie), is in the line EC. Again it follows from the 
equilibrium of the forces, that EC+aC=Chb+C4d+Cf, 
by Ax. 1 4 P44 bars 'y 1 be ſuſpend- 
F * See e, C is thei center of 
grove is, Cis the center of gravity of E, A, B, 


Cor. 1. If G be the center — Sh 
the EC=0G X member of points 4, B, D, r. : 


For EC=Cb4+C4+Cf—Ca = CG x AFBFDFE, 
or 4CG, by Prop. 44. 


Cor. 2. Sum of all the perpendiculars on one fide, Aa, 
Bb = fum Dd, F on the other fide of EC. And the 
fu of their diſtances CE, Ca on one fide=ſum Cd, Ch, 
9 8 


PROP. XLVI. 


If @ body be afted on by ſeveral forces A, B. C, D, E. 
in the parallel directions Aa, Bb, &c. and kept in 
eguilibrio; and if any plane RN be Sane Jet op 
point R: the ſum of the forces on each fide ar 
A+D= ACE; and the ſum of the . 1 

eac 


STA. 
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each fide, are to the like ſum of the s On 
the other fide, Rax A+ RD N R Re 
XE: And the contrary. but am produtt lying the con- 
trary way from R muſt be taken negative. 


For ſuppoſe RN to be the plane, acted on by theſe 
forces; then (by Cor. 5. Pr. 44.) the effect of the 
forces A and D acting at a and d, is the ſame as if 
both acted at O, their center of gravity. And the ef- 
fect of B, C, E acting at 6, c, e, is the ſame as if 
they all ated at their center of gravity ; which be- 
cauſe the body is unmoved, is the ſame point O. And 
therefore becauſe of the equilibrium; 4+D=B+C 
--E, for the quantity of force. 

In reſpect to their places, becauſe O is the center of 
gravity of A and D, as well as of B, C, and E, there- 
fore (by Pr. 44.) RNA RD =ROXA+D = 
ROXB+C+E == RbXxB+RexC—RexE. And on the 
contrary if theſe forces be equal, the body will be in 


Cor. 1. If a body FGIH be at reſt whilſt it is afted 
upon by ſeveral forces, in the ſame plane, whoſe quanti- 
ties and directions are pA, qB, C, D, E, cutting any 
line RN drawn in the body, at p, 9. Sc. and the 
diculars Aa, Bb, c. are drawn. then I ſay, 1. the ſum of the 
perpendicular forces on each fide are equal, Aa- Dd=Bb 
+Cc+-Ee. 2. The ſums of the contrary forces in direfion 
of the line RN are equal, pa+qb=rc+5d+te. 3. The 
ſum of the rettangles on each Foe, from any point R, gre 
equal, Rpx Aa- Rsx Dd=Rgx Bb+RrxCc+RixEe. 
but where the points bye the contrary way from R, the 
rectangles muſt be negative. And when all theſe art equal, 
the bedy is at reſt. 


For ſince it is the ſame thing whether any force 4 
act at A at For at p. we will ſuppoſe it to act atp; 
then if the oblique force pA be divided into the two 
pa, aA; and the ſame for the reſt : then the ſum + 

a 


19 
110. 
65. 


= CENTER or GRAVITY. | 
I 110. all the forces pa muſt be equal to the ſum of all 
1 66. the contrary forces cr, by Ax. 11, The reſt follow 
| ; TP 


Cor. 2. Andif a body be kept in equilibrio by ſeveral 
forces acting at different points, and in different direttions, 
either in the ſame plane, or in different planes; it will 
Kill be in equilibrio, by the ſame forces, acting from any 
one paint, and in directions 2 parallel to the 


Aires of any of the forces are out 
all theſe extravagant or extraneous 


reduced to others, one part in 
| other perpendicular to it; iz: 
remain the ſame in * as before. And 
fince the forces actii ane, kept one another 
wgub raged.» \s dy wi do the ſame ſtill. 2 

as the parts perpendicular to this plane, alſo k 

ns Gn”. uilibrio ar firſt, will do 
pled to their common center of gravity; 


point. 


Cor. 3. If ſeveral forces acting after any manner, 
a body unmoved ; and whatever be drawn; 
the —_ orces be all reduced to that plane ; then 
all the 1 on one fide are equal to thoſe 

on the other; and centers of gravity fall in t 

Same point. When this does nat happen in all places, the 
body will be moved ſome way or other, 


PROP. XLII. 
To fad the center of gravity of 4 Hen of bodies 4, 
» Gs Tas 
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Draw any plane ST, and from the centers of gravi- 
of all he bodies dive perpendicular to this pare, 
Aa, Bb, Cc. then (by Cor 19.) the forces of A, 
B, Cat the diſtances Aa, 35 Ce, from the plane, 
will be ANA, BxBb, Scr. let G be the center of 
gravity, then the ſe ſum of the forces Aa BNC 
ſituated in G (by Pr. 44.) whence the diſtance of the 
wy bad, 164. _ wy 7. 10g — is 

Gg = Aa x A+Bb x B+Cc x 

/ = = = - ak where if any of 
the bodies be ſituate on the other fide of the plane, the 
correſpondent rectangles will be negative. 

n „„ „ 
the plane TY, and likewiſe another plane per- 
pendicular to ST, 77; the point G will be datermited. 


Cor. 1. Let b be any body, p any particle in it, d 
its diſtance from a given plane : then the diſtance of its 


center of gravity from that plane is = ſum 0 ell the op 


Cor. 2. To find the center of graviy of an irregular 
lake figure. ſuſpend it by the AEB, at E; and 

aw the line ECF. then ſuſpend it by another 
bo 1 of the Sring as D, and draw another plumb line 
through E, to interſeft CF, and the point of inter ſection 


is the center of gravity. 


Cor. 3. To find the center of gravity of a flexible body : 
lay it 2 a board whoſe center of ay 


gravity 1s 

the center of gravity of the board upon the edge of a 
priſm ; * body upon it, and remove it back 

Thee ii i f in quits gon the lard 


G schl. 


che power of all the bodies 
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centers of gravity of the triang 
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SCHOL. 
The centers of gravity of ſeveral planes and ſolids 


have been determined to be as follows. 


1. If two lines be drawn from two angles of a 7ri- 
le to the middle of the oppoſite ſides, the point 
—— is the center of gravity. Therefore 


che diſtance of the center of gravity from the vertex 
is © the line biſſecting the o 


ppoſite ſide. 
2. In a trapezium ABCD the center of gravity is 


found by dividing it into triangles. Find E, G the 


les ADB, CDB; and 
F, H the centers of gravity of ABC, ADC. Then 
draw EG, FH to interſe& in O, the center of gravity 
of the trapezium. 

3. The center of gravity of a right line, parallelo- 
gram, cylinder, and priſm, is in the middle. 

4. For the archof à circle, as arch: fine of + arch 
:: radius: diſtance of its center of gravity from the 
Center. 
5. For the ſefor of a circle, as arch: cord :: ® radius 
: diſtance of its center of gravity from the center. 

6. For the parabolic ſpace, the diſtance of the cen- 
ter of pore from the vertex is 4 the axis. 

7. In the cone and pyramid the diſtance of the cen- 
ter of gravity from the vertex is 4 the axis. 

8. In a paraboloid, the diſtance of the center of 
ity from the vertex is 3 the axis. 

9. For the ſezment of 4 ſphere, let r = radius, x= 
height of the ſegment; then the diſtance of the cen- 
ter of gravity from the vertex is E .— 
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Set. V. CENTER or GRAVITY; 


PROP. XLVIIL 


If two or more bodies move uniformly in any given direc- 
tions ; their common center of gravity will either be at 
reſt, or move uniformly” in a right line. | 


CASE I. 


Let one body ſtand ſtill, and the other move di- 
rectly to, or from it in a right line, then ſince the 
center of gravity divides the diſtance, in a given ra- 
tio; and the diſtance increaſes uniformly, therefore 
that center moves uniformly. Now ſuppoſe the other 
body likewiſe to move in the ſame right line, and any 

uantity of ſpace to move with it; then ſince 
hi y is relatively ef > is 9 

gravity, in regard to that , moves uniformly a 
to Which adding or fubſtrafticg £ the uniform motion 
of that ſpace; the center of gravity will ſtill move 
uniformly. | | 


Casz II. 


Let the bodies move in one plane, in the directions 
DE, AB. produce their lines of direction till they meet 
in D. And when one body is in D and E, let the 
other be in A and B reſpectively. Let H be their 
center of gravity when in D and A, and XK when in 
E and B, and draw HK, and make BP=AD, and 
draw EP, and KL parallel to AB. then DE is to AB 
or DP in the given ratio of the motion of the bodies; 
and ſince the . EDP is given, therefore all the an- 
gles of the triangle ED are given, and DP will be 
to PE in a given ratio. But by fimilar tri PE 
is to PL in the given ratio of BE to BK, by the pro- 
perty of the center of gravity: therefore DP is to PL 
in a given ratio, * angles in the trian 1 
2 D 
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CENTER or GRAVITY. 


ric. DPL are given, and therefore the angle PDL. there- 


fore the point L is always in the line DL given in 
poſition. And by the nature of the center of gravi- 
„DA: DH:: EB: EK :: PB or DA: LK. there- 
DH=LK, whence DHKL is a logram, 

and HK parallel to DL, and therefore the angle BHR 
is given; and the center of gravity K is always in the 
right line HK given by poſition. And becauſe all the 
angles of the triangles DPL, and DLE are given; 
therefore the lines DP, DE, DL, that is, AB, DE, 
HK are in a given ratio; and conſequently the point 
K moves 2 along the right line ZK. And the 
is in the ſame manner, if one of the bo- 


— from B howends "8 


CASE III. 

Let the of the bodies 4B, DE, be in diffe- 
rent planes. T the path AB draw a plane Bde 
parallel to the path DE, and through DE draw the 

Dae E icular to Bae uce AB to d, 
and let Dd, Ee be icular to de. then the planes 


Dad Ad, EeB will be icular to the plane edB. 
Let one body be in A and B when the other is in D 
and E reſpectively. Now if the body at D were to 
move in de, then by caſe 2d the center of 

would move uniformly along ſome right line ZR 
through HK ere& the plane 7Kkb perpendicular to 
HBK. then by ſimilar triangles, and the nature of the 
center of gravity, Ab: bD :: (AH: Hd :: BK : Ke ::) 
Bk: kE. therefore bkis the path of the center of gravity 
of the bodies moving in AB, DE. likewiſe Dd : Hb :: 
Ad: AH :: Be: BK:: eE or Dd: M; therefore Hb 
Kk, and bk is equal and parallel to HK; therefore 
the center of gravity of the bodies (moving in AB, 


DE) moves uniformly through the right line bk. 
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Sect. v. CENTER or GRAVITrY 


ass IF: 


The common center of gravity of two bodies, and 
a third is either at reſt or moves uniformly in a right 
line; for theſe two may be put into the place of their 
center of gravity, which before moved uniformly, 
and then the center of gravity of the three will move 
uniformly. likewiſe the common center of gravity of 
three bodies and a fourth, will move uniformly in a 
right line. And ſo on. 


PROP. XLIX. 


The common center of gravity of two or more bodies, does 


not change its ſlate of motion or reſt, by any ations 


of the bodies: among themſelves, or by any forces they 
exert upon one another... ——_ 


Suppoſe. any ſpace in which the bodies are incloſed 
to move uniformly along with the center of gravity of 
the bodies, before the actions of the bodies one 
another; then the center of gravity is at reſt in that 
ſpace. Now if two bodies mutually act upon one 
another, ſince their diſtances from their center of gra- 
vity are reciprocally as the bodies; and as action and 
reaction are equal; the bodies will approach or recede 
from that center by ſpaces which are in the ſame ra- 
tio ; therefore the center of gravity will ſtill remain at 
reſt, And in a ſyſtem of ſeveral bodies, becauſe the 
common center of gravity of any two acting mutuall 
upon each other, is at reſt: And the actions of all 
the bodies being the ſum of the actions of every two; 
it is evident the center of gravity of all the bodies re- 
mains the ſame as if they did not act at all upon one 
another, and therefpre is at reſt in this ſpace or moves 
uniformly forward along with it. 

G 3 Car. 
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CENTER of GRAVITY. 


Cor. 1. Hence if a body be projected into free ſpace z 
if it have any circular motion, this motion will be per- 
formed uniformly about an axis paſſing through the center 
of gravity. 


For if every particle of the body retained the diſtinct 
motion firſt impreſſed on it; the common center of 
gravity of the whole would move in a righ 
the 


t line, by 

Prop. And ſince the coheſion of the of 

the body retains the particles in one maſs, therefore 

(by this Prop.) the motion of the center of gravity is 

not altered, which it would be if the axis of circular 

motion did not paſs thro* the center of gravity, but 
thro* ſome other point. \ 


Cor. 2. And if a body be burled into the air, its cen- 
ter of gravity will either move in a right line, er de- 
ſeribe a parabola, whilſt that body revolves about an axis 
paſſing ibrough the center of gravity, if it bave any cir- 
cular motion. | 


PROP. L. 
The ſum of the motions of ſeveral bodies in any given 


direction, is the ſame as the motion of all the bodies in 


” the ſame direction, moved with the velocity of the tom- 
mon center of gravity. 


Let the bodies 4, B move round the center of 
gravity C at reſt, to the planes a b; draw BCA, bCa. 
then ſince A: B:: BC: AC:: bc: ac; therefore the 
the triangles ACa, BC} are ſimilar, and . bBBc=CAa, 
therefore Bb is parallell to Aa, and the bodies move 
in contrary directions. Alſo ſince Aa: Bb :: AC: 
CB: : B: A. or AaxX A= Bb Xx B. therefore the mo- 
tions of A, B in contrary directions are equal, or their 
motion the ſame way is 6. Now let the ſpace and bodies 

| moving 
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moving in it, be moved in any direction with any velo- » 1 6: 


city v; it is manifeſt, the motion in each body in that 
direction will be than before, by the quantity 
of matter x velocity. Therefore the ſum of the mo- 
tions is now v4 -+ vB or 2X 4-+-B, that is equal to 
the ſum of the bodies x velocity of the center of gra- 
vity. 


After the ſame manner the motion of three bodies 
is the ſame as the motion of two of them, moved 
with the velocity of their common center of gravity, 


together with the motion of the third; that is, (by 


what has been ſhewn) equal to the ſum of all the 
three moved with the velocity of the center of gravity 
of all the three. And fo for more bodies. 


Cor. The center of gravity of a body muſt be taken far. 
ke place of the body. And be motion of any body, or 
of any ſyſtem of bodies, muſt be eſtimated by the mo ion of 


the center of gravity. 


PROP. II. 


If two weights on any machine keep one another in 
Trio; if they be any how raiſed or moved by help of 


. the machine, the center of gravity of the weight and, 
power will always be in the ſame horizontal right line. 


For in the leaver the center of gravity is at the 
fulcrum, and therefore it neither aſcends nor deſcends. 


In the wheel and axel, and in the pulley or any com- 


bination of pullies, the weight and power approach 
or recede from each other by ſpaces which are reci- 
procally as the bodies ; and therefore their center of 
gravity is at reſt. And upon any inclihed plane, 
the perpendicular velocities of the power and weight 
(by Cor. 4. Pr. 33.) are reciprocally as their quanti- 

, G 4 ties: 


equili- 
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718. ties; and the diſtance of the center of gravity from 


ig the ſame ratio, is alſo at reſt. And 
univerſally * any com bination of theſe or any ma- 
chine ns «Snell where the equilibrium continues; the 
aſcent and deſcent of the power and — rang ng re- 
ciprocally as their tities : the center vi 

neither aſcends nor dend. N 


PROP. LIL 


heavy body AB be ſuſpended by two ropes AC, BD 
777 ny 444 to 1 thro 
the interſetiion F, of the ropes, will alſo paſs through 
the center of gravity G, of the body. 


For continue the lines AC, BD to F then it is the 
ſame thing whether the forces that ſaflain the _ 
at at Cand D, or at F, + in on ns Ss 
poſs cheraſoe that the bod AFB is ſuſpended ae . 
_ _ 7) te bod will deitend as low 
as it 'can gets and (b 50.) the center of 
vity muſt be taken Like a the body ; there- 
ore the center of rey Cl be inthe lin FG pr 
pendicular to the 


And it is the ſame if AC, BD interſe& in a 
point F below the body; for the body cannot be fi 


Pependedl GP. — 'of ty G, be in 


Cor. 1. Hence, i GN be drawn parallel to AC ; the 
weight of the body, the forces acting at C, and D, are re- 


ſpefiively as FG, GN, and FN, or as the fines of the an- 
gles AFB, GEB, and GFA. 


Cor. 2. The lines AC. DB and FG are all in one plane 
perpendicular to the borizor, 


Ce. 


Sect. V. CENTER or GRAVITY. 


Cor 3. If the center of gravity falls not in the line RG," 
the body will net reſt till in fall in that lin. 


PROP. Inn. 


If any body whatever as BC or ary beam loaded with 
a weight, be ſupported by two planes AB, CD; 
at C and B; and from the points C, B, the lines CF, 
BF, be drawn lar to theſe planes; ond from 
the interſeftion F, the line FH be drawn 
to the horizon, it will paſs through be nr r 


vity G of the body. 


For ſince the body is ſuſtained by the planes at , 
C, and theſe planes react againiſt the body in the per- 
icular directions BF, CF; therefore it is the 
thing as if the body was ſuſtained by the two 


gw CF,; and 
. whole 
t. 


Cor. 1. F EG r to C; then the 


whole weight, the pr upon the CD, AB ; are 
reſpecti as Re. . F; N. direc- 


CFG. 


Cor. 2. If the line FG drawn (from the interſeftion of 


the perpendiculars FC, FB,) perpendicular to the borizon, 
does not paſs through "the center of gravity; the body will 


fall in that line. 


Cor. 3. Hence if the poſition © 3 CD be given. 
ard the poſition of the body CB, yo its center of gravity 


C. The poſition of the other plane AB may be found, 
u bich the boch will . Lu] By . A. 


conſequently (by Prop. laſt), FH 


tions : os os the angles BFE, BT, and 


not be ſuſtained, but will move till the center of gravity 


F Ct... A. £ — EY 
— _ — E _ 
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516. pendicular to CD, and GF Perp. to the horizon; and 


74. 


75. 


from F 


drawing FB, then BA perpendicular to it, is the 
other plane. ROT eee, oj 


PROP. LIV. 


If 8 heavy body HD, whoſe center of gravity is G, be 


. ſuſtained by three forces A, B, C, in one plane, atting 
in direfions AH, BI, CD. And if FOP be drawn 
perpendicui ar to the horizon, and CD produced to cut 
it in P; and if AH, BI, produced, interſef? in O; then 

- of OP be drawn; and if EP, OF be uraum parallel 
to AO, PC; then I ſay the weight of the boay, the 
three forces A, B, C; are reſpefiively as FP, EP, 
EO, OF. 


Becauſe the line OP is unmoved; the point O is 
ſuſtained by three forces in directions OP, OA, OB; 
which therefore are as the lines OP, EP, OE. Alſo 
the point P is ſuſtained by three forces in the direc- 
trons PO, PC, GP; which therefore are as the lines 
OP, OF, FP: of which that in direction FP is the 
weight of the body, at G the center of gravity. And 
the forces at O, and P in directions OP are equal and 
contrary. 


Cor. Hence if any other. force inſtead of the weight 
aft at G, in direttion GP; then the forces at P, A, B, 
C, will be reſpetitvely as FP, EP, , OF. 


SCHOL. 


If one of the forces be given; all the reſt may be 
found, if they act two and two at different points O, P. 


But if five forces act in one plane, two of them muſt 
be given. 


FROP 


K . K Kelek % . 


Set. V. CENTER or GRAVITY. 
PROP. LV. 


If EBDF be any priſmatic ſolid eretied p @ 
Plane AD; and if it be cut by any plane A H. I fay, 
the ſurface, or ſolid GBDH, cut off by this is 
reſpeit-:cly egual to the ſurface or ſolid EBDF whoſe 
altitude is CI, the line paſſing through the center of 
2 of the baſe, and parallel to the axis of the 
olid. 


I ſhall not demonſtrate this | ically. by mea- 
ſuring, but mechanically by wei 


exghing them. Suppoſe 
m. 

the periphery, or the baſe, BD, to be divided into 

an infinite number of equal parts by planes perpendi- 

cular to the horizon, and parallel to the axis of the 


ſolid and to one another. And imagine AD to be a 


leaver, and let each particle be placed on AD where 
its plane cuts it. Then ſince the force of any particle 
to move the leaver AD, is as that particle multiphed 
by its diſtance from A, (by Cor. 3. Fr. 19.) There- 
fore the forces of the equal particles at B, C, D, &c. 
will be as AB, AC, AD, Sc. And the ſum: of all as 
the ſum of theſe lines. And becauſe C is the center 
of gravity of all the particles. Therefore the ſum of 
all, AB, AC, AD, Sc. = ſum of as many times AC; 
that is (becauſe the parts of the baſe are given) = AC 
x baſe. But GB, IC, HD, Sc. are as AB, AC, AD. 
therefore all the GB, IC, HD, Sc. = whole baſe x IC. 
that is the whole ſurface or ſolid GD = whole ſur- 
face or ſolid BEFD. 


Cor. 1. F a line right or curve, or any plane figure 
whether right lined o curvelined, revolve about an axis 
in the plane of the figure; the ſurface or ſolid generated 
is reſpedſively equal to the ſurface or ſolid, whoſe baſe is 
the line er figure given, and height equal to the arch de- 
[cribed by the center of gravity, R 

| i et 
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Let BDdb be the generated. On the baſe BCD 
erect the ſurface or folid BDFE, ind let C be the 
center of gravity. Since the arches Bb, Cc, Dd, are 
as the radi, AB, AC, AD, that is as BG, CI, DH: 
therefore if CI Cc, then will all the lines BG, CT, 
DH, Sc. = all the arches 6b, Cc, Dd, Sc. that is, 
the ſurface or ſolid Dab = BDEG, that is, (by this 


Cor. 2. Alſo if a curve revolves about any right line 
drawn through its center of gravity : the ſurfaces gene- 
rated (either by a partial or total revolution) on oppoſite 


For by Cor. 2. Pr. 44. each part of the curve mul- 
tiplied by the diſtance of its center of gravity from this 
each Ge geaetad equal to the carve rokigt 

ace 1s to the curve ipli 
by the arch deſcribed at that diſtance; and theſe 
arches (being ſimilar) are as theſe diſtances. Whence 
each ſurface is as the curve multiplied by the diſtance 
of its center of gravity: And therefore they are equal. 
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8 E CT. VI. 


Of the centers of percuſſion, oſcillation 
and Oration. 


PROP. LVI. 


n C, confidered with- 
out weight, and moveable about an axis paſſing thro' S; 
and if any force f can generate the abſolute motion m 
in a given time; if the ſame force a at P — 
cular to PS, the motion generated in the 
the ſame time, 


in 
about the axis at &, will be. 


revolving 
AXSA+BXSB+CXSC, Sp A. 
IN + Cx | 


For ſu 


vided into the parts 9, $ ang ſparc a 


P to move 4, B, C. then (by Cor. 3. Pr. 8 5 
_—_ 1 6 1 acted on reſpectively with the 


r . © "oa 


Since the motion of the whole ſyſtem is the 
fame; the velocities of A, B, C, are as SA, SB, SC; 
and their motions as AXSA, BX SB, 4 1 


aul theſe motions are as their generating forces 


7 bu 
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Ax S, ByuSB csc. 


CENTER OF 
S | 
Ta” * 7 r. Whence P, , r. are as 


=, and ſince g * -T. Therefore 5: f :: 
s 8 

Ds — 2 — =. And 27. N 

= force acting at A. Then F: m:: N & : 


| 4 
. of £ Afer the fame manner 


4 
— 22 Ke the motions of B and C. 
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Ae 


Ger. 1. If you mate 80 = a ic 
then if all the bodies be placed in O, the motion generated 
in the ſyſtem, will be the ſame as before, as to the quan- 
Hity of motion, er the ſum of all the abſolute motions. 
But the angular velocity will be different, 
| For the motion generated in theſe two caſes will be 
355 X $PX m, and 
AT B-\-CxS0 5 | 

. | SP*m ; and if theſe ſi | 
FFF G08 X if be ſuppoſed to 


be equal there comes out 

$0 = AA SBC 
x84 + BxSB +CX6C | 

Cor. 2. The angular velocity of any fyftem A, B, C, 


generated 


* 
a 
4 
— 
'. 


generated in the ſyſtem, 


Set. VI. OSCILLATION, &c. 


generated in a given time, by any force f, afling at P, 1 70. 
mage to PS,is — —— 


For the angular velocity of the whole ſyſtem is the 
ſame as of one of the bodies A. But the ahſolute 


motion of A is = m x AxSA „ and the abſolute yelo- 


$ 
city of 4 = , but the angular velocity is as 


che abſolute velocity direAly and the radius or diſtance 
reciprocally ; therefore the angular _— — 
A. and — of the whole ſyſtem is 


— ee 


3 


Cor. 3. Hence there will be the ſame angular velocity 
and with the ſame force, as thene 


would be in a ſingle bady placed at P, whoſe quan- 
Y of matter is LEST BEST CN, 


For let P = that body, then (by Cor. 2.) ſince f 
and S are given; be ode yo 
OY will be to one another as 


FFI r- — 


poſed equal, we ſhall have 
Ax 84 1B X S$B* + CX SC» 


P = EE, 


Cor. 4. The angular motion. of any ſyſtem axes 
a uni ſorm force, will be a motion unif 


PROP, 


96 CENTER OF 
FIG. 

PR OP. LVIL 

To find the center of percuſſion of a ſyſtem of bodies : or | 


the point which ftriting an immoveable object; the | 
Mem ſhall incline to neither fide, but reſt as it were in | 


' equilibrio. - 


79. Through the center of gravity G of the ſyſtem, | 
draw a plane perpendicular to the axis of motion in S. | 
And if the bodies are not all ſituated in that plane, | 
draw lines perpendicular to it from the bodies, and let | 
A, B, C, be —_ of thoſe bodies in the plane. 


Draw SGO, and let © be the center of percuſſion. | 
Draw Af, By, Ch, perpendicular to SO, and Aad to ( 
SA, make ad = SA, and draw ea perpendicular | 


and de parallel to SO, Then 44 will be the direction | 
of A's motion, as it revolves about S. And the ſyſ- 
tem being ſtopped at O, the body A will urge the | 
point à forward, with a force rtional to its mat- 
ter and velocity ; that is, as AxSAor Axad. And 
the force wherewith A acts at ain direction ea, is Axea | 
or Mf. And the force of A to turn the ſyſtem about 
O is Ax HO (by Cor. 3. Pr. 19.) = A NO Sa 
= AN SX SO - Ax S4". Likewiſe the forces of * 
B and C to turn the ſyſtem about O, is as B x SO | 
—- BXSB>, and C x SþX8O — CC. And ſince the ( 
forces on the contrary ſides of O deſtroy one another ; 
| 


therefore AxS/XSO— AxSA NN S xSO — BX SB | 

Cx N 9880 4 
— AXSA + BXSB* Cx SC, &c. A 

= AX Sf +B x $g C „Nc. 2 

tance of the center of percuſſion from the axis of mo- 

tion. where note, if any points 5, g, b, fall on the 

contrary ſide of S; the correſpondent rectangles muſt 

be negative, — AxSf—BxSpg, &c. 


Cor. 
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Cor. t. If G be the center of gravity of a ſyſtem of 79. 


bodies A, B, C; the diſtance of the center of percuſſion 
from the axis of motion, that is, 
ad Ax $A+B x SB* + CNG Se. 


SG x A+B+C Se. 


For (by Prop. 44.) Ax Sf+B x Sg +CxSh= 
A4&B+ Cx SG. 


Cor. 2. The diſtance of the center of percuſſion from the 
center of gravity G; is, 
_ GA X A+GBz X B&Þ GOxC 


— SGxXA+B+C 


For Ax SA + B x SB* + CXSCz = A x 

$G® + GA*—28G x Gf + B* SG» + GB*+ 28G x Gg 
+ Cx $G*ÞCG*-+ 2SG N, by Eucl. Il. 12 and 13. 
But (by Cor. 2. Pr. 44.) — Ax GH XGg-+-C x Gb 
= o; therefore Ax SA. + Bx SB» + CxSC = 
AS B+ CxSG& + AxGA+ BX GB + CxGG. 
Whence (by Cor. 1.) SO or SG + 


G0 =DxLEFEC + 

SG XA+B+C 

Ax GA + B x GB + CxGC 
SG x A+ 


Cor. 3. Hence SG X GO = the given quantity 

ACH. CNC. and t ore GO is re- 
AN N 

ciprocally as SG. 


For each of the bodies 4, B, C, and their diſtances 
from G are given. * 


H Cor: 
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Cor. 4. Hence alſo if & be given, GO will be given 
alſo. And therefore if the plane of the motion remain the 


- ſame, in reſpeli to the bodies, and the diftance & remain 


$1. 


the ſame ;, the diſtance of O from G will remain the ſame 


alſo 


Cor. 5. If OT be drawn perpendicular to SO, then 
OT will be the locus of all the centers of percuſſion. 


enen in the line OT; and there- 
it is the ſame thing which point of the line OT 
ftrikes an obſtacle. | 


PR OP. LVIII. 


To find the center of aſcillation of a ſyſtem of bodies : or 
ſuch a point, in which a body being placed, will vi- 
brate in the ſame time, and with the ſame angular ve- 
lacity as the whole body. | 


Let the axis of motion be at 5; to 
which draw the plane in which the center of gravity G 
moves; draw O, and let O be the center of oſcilla- 
tion; draw the horizontal line Sr, and from the bodies 
A, B, C. draw Aa, Bb, Cc perpendicular to SO; and 
alſo A Bu, Cd, Gg, Or perp. to Sr. — 


Put = Ax SA + B x SB* +- Cx SC». then (by 
Cor. 2. Pr. 56.) the angular velocity which A, B, C, 


; . 
generates in the ſyſtem by their weight, — 
, XC, and the whole angular velocity ge- 
nerated by them all is N. e 1 ou 


5 
wiſe the angular velocity which any particle p, * 
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ed in O, generates in the ſyſtem, by its weight, is FIG. 
FT X Pp Sr Sg ſimilar 81. 
JT 50 o xg? dea of the 
angles S$gG, SO. But their vibrations, and every 
oc Tio. are performed alike ; therefore their an- 
gular velocities muſt be every where equal ; that is 
X A-1-SuXx BI-Sd x C . = 
: — = 0 ; whence by re 
lution S0 = 
the: "8G * ä 1XB + SdxC* — * 
Pr 44.) — Sex A+ Su x B+ SdxXC=Sex A+BEC. 
Therefore the diſtance of the center of oſcillation from 


| Jr 


1 SS AA t 
XSA+BxSB»+CxSCz &c. 
SGxA+B+C, &c. 
Ax$84A + B Y SB* + Cx SC?, Se. Where 
— HN Ja +Byx$ +CXxS6SC,&c. 
x SA, BxSb, &c. muſt be negative, when a, 6, 
&c. lye on the contrary fide of S. And fince all theſe 
S 
zrefore t O is right t m 
s ſuch a 2 is * —4 Likewiſe it appears 
y Cor. 1. of the laſt Prop. that the center of oſcilla- 
ſos is the fame with the center of percuſlion. | | 


Cor. 1. If p be any particle of a body, d its diſtance 
rom &, the axis of motion; G, O the centers of gravity 


I oſcillation. Then the diſtance of the center of _ . 
ation of the body from the axis of mation, SO = 
um of all the px dd 


SG x Body , 


Cor. 2. If the bodies A, B, C, be large; and there- 
are the center of oſcillation of "each, not in the cemter of 


Feravity. Let d. e, F, be the reſpetiive diftances of their 
H 2 centers 


FIG. tenters of gravity, and p, q, 7 


CENTER OF 
of their centers of oſcilla- 


81. tion, from S. then will the diftance of the center of ofcilla- 


tion from 4 * —_— motion, 
S0 = — e OI "= 
| AxSa+ BXSb+ CxS 
24 + &qB + fre. 
SGx A+ B+, 
For let a, I, c be any particles in 4, B, C; and 
x, , Z their diſtances from & reſpectively. Then by 
this Prop. SO —— . But 
| SGXA-+ BC 
fn = P, or ſum xxa = dp4, and ſum yyb =eqB, 


and ſum zzc =fr Ci; and SG C =SaxA+ 
S x B-{-ScxC. 


Cor. 3. To find te ember 22832 
N 2 
brate, they may keep time together. the length of. 


— is equal to the diſtance of the center of ſuſ- 
from the center of oſcillation of the body. 


Cor. 4. What has been demonſtrated in the laſt Prop. 


and cor. 1, 2, 3, 4. for the center of percuſſion; holds 
rqually true for the center of oſcillation. 


SCHOL. 

la ſmall bodies, or any bodies oſcillating at a 
—- 224. the center of 
oſcillation or is in or near the center 
of gravity. And the reaſon why the center of oſcilla- 

tion or ſſion is not always in the center of 
vity ; is the body in ing is made to turn 
about a center. But if it be ſo contrived as always 
to move parallel to itſelf; without any circular mo- 
| tion; 


G 


Set. VI. OSCILLATION, &c. 


tion; the centers of * - 
— — it 


The diſtance of the centers of oſcillation and 
rener 
Cor. 1. is as follows. Where the axis of motion is at 
the vertex and in the plane of the figure. 


1. In a right line, 4 and ſmall cylin- 
der, 7 the axis of the figure. 


2. In a triangle, 2 the axis, 
3. In the plane of a circle, + the radius. 
4. In the parabola, + the axis. 
5. Pyramid and cone, + axis, nearly. 
6. In a ſphere, : radius, d = diſtance of the axis 


of motion from its center. Then the diſtance 
WC 


tion is 4+ = — 


54 


PROP. LX. 


To find the center of gyration of a ſyſtem of bodies : or 
22 O, as that a given force, acting at a cer- 
wr bl wage? will in the ſame time, generate the ſame 
— velocity, in the ſyſtem, about an axis SR; as 
as if the whole ſyſtem was placed in O. 


Draw the plane PN perp. to the axis of rotation 
SR; and let SA, SB, SC be the neareſt diſtances of the 
bodies A, B, C from the axis SR; and let the force 
Fact at P in direction P icular to PS. Then 


(by Cor. 2. Pr. 56.) the —_ velocity generated 
3 un 


$2. 


——„—-̃— SPAR OW A IT —F 
* 


102 


CENTER OF 


F1G. in the ſyſtem by the force F will be as 


82. 


82. 


. 
AXKS A*+ BXSB* + CxSC?” 
1 SPV . 

O. it will be and if theſe velocities 

A +-B Cx SO? 
be made equal, we ſhall have SOz = 
Ax 842 + BY SE> + CXC fan 
IIc Whence the diſtance 
of the center of gyration O from the axis of motion at 
S, that is, SO = AxSA + BxSB:2 L. 
" A+B4C 


and in the ſyſtem placed in 


Cer. 1. Let b=quantity of matter in any body ABRCS, 
p any periicie, d Sap, its diſtance ſrom the axis of rota- 
tien SR: then the ſquare of the diſtance of the center of 
gration from the axis of motion, that is 
SC = ſum of all the dap. 


b 


Cor. 2. If any part of the fyſkem be ſuppoſed to be 
Placed in the center of gyration of that particular part; 
the center of gyration of the whole ſyſtem will continue the 
ſame as before. 


For by this Prop. the ſame of force which 
moved this part of the ſyſtem before, along with the 
reſt ; will move it now without alteration. And 
therefore if each pu of the ſyſtem be collected into 
its center of gyration; the center of gyration 
of —— will continue the ſame. _ 


Cor. 3. If a circle be deſcribed from G, the center of 
gratity of the ſyſtem, and the axis of rotation be made to 
paſs through any point S in its periphery; the diſtance of 
the cemter cf gyration from that point will always be the 
ame. FEE ON 

For 
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FIG, 
For (by Cor. 6. Pr. 44.) the quantity He 4-By 82. 


S + C x SC? will be given. 


Cor. 4. Let D, G be the diſtances of the centers of 
oſcillation and gyration from S. then will COC. 


It follows from this and the laſt Prop. 


SCHOOL 
It is the fame thing on whatever fide of the axis of 
_— Ge pin 


t O or center of gyration be ta- 
ken, provided it be at its proper diſtance. By a com- 
putation from Cor. 1. the diſtance of the center of 
ration from the axis of rotation in the following bodies 
will be 

In 


1. In a right OT county ds 


the end) SO = length x Y +. 


2. The of a circle, or cylinder (revolvi 
e 


3. The periphery of a circle (about the diameter) 
SO = radius x 2 


4 The plane of a circle (about the diameter) $0 = 
Z radius. 


mr (about the diameter) SO 
rad. x 1 | 


6. A (revolving about the diameter $0 = 


7. Ina aw ties the axis) SO == radius x Y . 
| H 4 If 
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710. If the periphery of a circle revolve about an axis 
$2, in the centcr, perpendicular to its plane; it is the 
ſame thing as if all the matter was collected into any 
one point in that periphery. And the plane of a 


ſame diameter, will in an equal time acquire the ſame 
angular velocity. 


If the matter of any gyrating body were 
to be placed in its center of gyration; it ought either 
to be diſpoſed of in the circumference of a circle, 
whoſe radius is SO, or elſe into two points O, diame- 
trically oppoſite, equal and equidiſtant from S. For 
by this means the center of motion S,. will be in 
the center of gravity. And the body will revolve 
without any lateral force towards any fide. 


* 1 1 


. v1—4 


PROP. LX. 


84. If EF be any body at reſt in free ſpace, G its center of 
gravity, the points S. O, one the center of ſuſpenſion, 
the other of percuſſion : And if a moving bedy B ftrike 
direftly againſt the point O, the motion generated in 
the body EF by the ſtrote ſhall be ſuch; that in the 
time that the body makes one revolution about its center 
of gravity G, the center of gravity will move forward 

2 ſpace _ to the circumference of a circle whoſe ra- 
dius is SG. 


Let the body vibrate about the point &, and 
in a very ſmall time, from the ition SGO, 
come into the poſition gd. Now the arches Gg, 
Od will be as the velocities of the points G, O, 
vibrating about S; therefore when it comes into 
the poſition SGO, if it were diſengaged from the 
point S; the center of gravity G would ſtill move for- 
ward with the fame velocity Cg; and the body, in- 
ſtead of revolving about S, would (by Cor. 1. Pr. 


49.) 


circle of double the matter of this periphery, and the 


* 1 1 i a «& a 
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49.) revolve about G with the ſame 
3 Therefore if C be drawn parallel 


- A about G. And becauſe Oo, Gg are very 
ſmall ſimilar arches, therefore their circumferences 
will be deſcribed in equal times ; that is, in the 
time that O, or the body itſelf, makes one revo- 
lution about G; the point G will advance forward 
a f . 

us is SG. 


Now this is the motion acquired by revolving 
about S. 1 57.) if a body fo revolvi 
ſtrikes an immoveable object at O; both the 
five and circular motion will be deſtroyed ; the 


_y_ It is evident on the contrary, 
that if a moving body ſtrike the body at reſt in the 
point O, with ſame force; the motion will 


will be reſtored again; and is the ſame as above de- 
ſcribed. 


Cer. 1. At the beginoing of the motion, and alſo after 
every revolution of the body, when the line SGO comes in- 
to its original poſition, ſo as to be perpendicular to the 
line of direction OB ; the point S will be at reſt for a no- 
mcnt. 


For in this poſition, it will be (by this 
velocity of O about G: velocity of G: . 
And by compoſition, vel. O about G as G that is 
abſolute vel. > : : abſolute vel. G:: + GS or OS: 
GS. Therefore fince the abſolute velocities of O and 
Gare directly as their diftances from S; it follows 
that the point $ is at ret 


Cor. 2. Let a body A= 55 x body EF. Airy 


be the velocity which the body A would receive by the di- 
rect ſtroke of B: then I ſay the abſolute velocity 775 


.) as 


10 


motion 10. 
24 $4. 
will repreſent the velocity of G ow 
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Tic. Bbidy EF (or of its center of gravity G), wobich it receives 
84. by B impinging at O, willde C . 


SO 


For let p be any particle of the body EF, and Sp 
its diſtance from F. then (by Cor. 3. Pr. 56) if a body 


= LEI de placed in O, it will receive 


che ſame angular velocity, by the ſtroke, about & at 
reſt; as the body EF when ſtruck in O. But (by 


Cor. 1. Pr. 58.) ſum $p* x p=SO x SG x body ET, 
whence the body EL Red — or 4, placed 


in O, cine the gar angular 1 as 
the point O of the body f O or A: vel. 


G:: O: : for at ihe beginning of the modon, Sik 
at reſt, by Cor. I. 


Cor. 3 - The velocity ly in B by the firoke will be 
BF 50 
For the ſum of the motions of all the bodies, af- 


ter the ſtroke, is the ſame as the motion of B before 
it. By Prop. X. 


SCHOL. 


The point & is by fome called the center 
ood gdb Agree (or ſyſtem of bodies) at the 
beginning of the motion, moves as it were of its own 
accord, or without any compulſion, about the center 


S at reſt. 


PROP. 


Sect. VI. OSCILLATION, &c. 
PROP. LXI. 
Let DE be any body, C its center of 


gravity z and if 
from the center C, the circle BFS be deſeribed; and 


if about BFS as an axis, @ cord ASBFS, be wound, 
and the end fixed at A. And if O be 1 the center 
of oſcillation in reſpect to the center of ſuſpenſion S. 
Then if the body deſcend by a rotation round the axis 
BFS, by unwinding the cord ASBF, c. Then I ſay 
the ſpace deſe by the whirling body DE, is to the 
ſpace deſcended in the ſame time, by a body falling 
freely, as SC to SO. 


Through the point of contact S and the center of 
gravity C, draw the horizontal line SCO. Then (by 


58.) the angular velocity of the body about the 


* of ſuſpenſion &, at the 
EI as ＋ boy 


TH: 


body DE, as 
ints & and O are always in the 
» and the radius SC is given, 
likewiſe - ef — 4. Pr. 57.) the diſtance CO. t 
fore the velocities C9 and C in 


8 


RG 


ef 


Cor. 1. The weight of the DE, is 1 the on 
of the cord AS ; RN . ma 
For 


108 
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For let the body be at O; then ſince C 
is the center of gravity, ore (by Cor. Pr. 
and Cor. 5. Pr. 19) the weight DE is to the 
at $, as SO to CO. Now if the poin 
the force acting at O will 
whilſt the ure at 8, and 
of the cord is neither increaſed nor 
mains the ſame as before. 


Cor. 2. Fa circular body as BFS runs down an in- 
clined plane, whilſt the thread ASB unfolds; or if a 
e and by its fric- 
tion be hindered from ſliding : The ſpace it deſcribes in 
any time, is to the ſpace deſcribed by a body ſliding down 
freely without friftion ;, as SC to SO. 


For the forces that te their motions are both 
A ratio, that is as the abſolute 
guy to the relative gravity upon the plane; there- 

ore the ſpaces deſcribed will main in the ſame ra- 
tio of SC to SO. And in the rolling body, the fric- 
— lies the place of the cord, the ſame as if it 


Cor. 3. This motion of the body DE by rotation, is 
a motion uniformly accelerated. And the tenfion of the 
cord is always the ſame, thro" the whole deſcent. 


1. In the circumference of a circle SBF, or ſurface 
; = ſpace = 7 S. tenſion of the ſtring 
2. 


2. In 


Sea. VI. OSCILLATION, &c. 09 
2. In the circumference of a circle SBF, without pre. 
weight, + |, od ſpace $6. 


. In the plane of circle SBF, or a cylinder ; ſpace 
. 38, and the tenſion of the ſtring AS= . 


ſurface of a ſphere 8B; ſpace = S, and 
tenfion of the firing AS = 2 . 


SBF, ace = 7 6, and the tenſion 
27 
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SECT. 


$7. If a beam of timber, be ſupported at C and B, hung upon 


SECT. VII. 


The quantity and direction of the preſ- 
ſure of beams of timber, by their 
weight ; and the forces neceſſary to ſuſ- 


tain them. 


PROP. LXIL 


the wall ACE, with one end. And if G be the center] 
F wht ſuſtained : and the line 


be drawn to the borizon, and CF 
and BH to C; and BF drawn , I ſay 


bt of the 3 FH 
IEEE 1 
* 


are re 


ed; in theſe ſeveral 
directions. 


If the beam any weight, the beam and 
wei Al. I. whoſe cen- 


8 Then che end C is f. way 

the plane BCE; and (by Cor. 3.) the 

end B may be ſup ed. to be ane b a e 
rpendicular to BF; therefore (by Gar. ? 1. Pr. 53.) 


the weight and forces at C and B, are ref] vely as 
FH, BH, and BF. _ 


Cer, 
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Cor. 1. Produce FB towards 2 the 29s the direc» 85. 
tion of the preſſure at B. the preſſure at B in * 
directions B FD, DB; are as FB, FD, DB. | 


Cor. 2. Draw Dr perpendicular to BC, and draw 
CD : then the weight, preſſure at top, direct preſſure at 
Bottom, and horizontal pre ure at bottom ; are reſpec- 
tively as CB, BD, DC and Dr. 


For ſince the angles BCF, BDF are right, a circle 
deſcribed upon the diameter BF, will paſs through 
C, D. Therefore . BCD = BD ſtanding on the 
ſame arch BD. And becauſe the . GBH and . 
at D are right, BHF = CBD; therefore the triangles 
FHB and CBD are ſimilar, and the BDF fi- 
milar to the DBrC, whence FH : BH : BF: 
BD :: are as CB: BD: DC: and Dr. | 


Cor. 3. All this holds true for any force inſtead of 


gravity, adling in direftion GD. 


PROP. LXII. 


BC be any beam, bearing any weight, G the center of 
5 
i CA. upported in ion: 

Ten 5.4 CF parallel, and FGD i to 
the horizon ; and draw FB. Ten 


88. 


the whole weight” FD 
preſſure at the top C BD 
thruſt or preſſure at the bottom Bl FB 
are reſpettively as and in the ſame. 
directions. 


For the end C is ſuſtained by the plane AC; and if 
the end B be ſuppoſed to be ſuſtained by a plane per- 
icular to FB. Then (by Cor. 1. *. 


- 


* 


118 
51d. 
88. 


89. 


PRESSURE OF 
D N . bottom; are as DF, 
og = ppoſe the end B is not ſuſtained 


— to FB, the body won't be 
Cn Te of at all; by Cor. 2. Pr. 53. 


Cor. 1. If FB 3 then B; is the 
direction of the preſſure at B. And the perpendicular 
preſſure at B (FD), is 1 to the weight; and the 
3 at B (BD) is equal to the preſſure 
againſt C. 


PROP. LXIV. 


If a beavy beam or one bearing a weight, be ſuſtained at 
C, and moveable about a point 05 whilſt the other 
end B lies upon the wall BE. And if HGF be draun 
through the center of gravity G, perpendicular to the 
horizon ;, and BF, CH perp. to BC; and CF be draun: 
then 


the whole weight HF 
Preſſure at B 65 


ferce adting at C (C. 
are reſpectively as and in theſe directions. 


For the end B is ſuſtained by the plane CB; and (by 
Cor. 2. Pr. 53.) - 
ae by a plane perp. to FC; or by a cord in 
— * ne 
weight, force at C, preſſure at B; are reſpectively as 
HF, CF, HC; by Cor. 1. Pr. 52. or Cor. 1. Pr. 53. 


» But if inſtead of oh 
B, * end B laid upon al plane AB ; * 
the weight, the 4 5 3 and C, are reſpettively as 
BC, GC, and BG: And in this caſe there is no late- 


ral preſſure. 


upon the inclined plane 


For BF will be perpendicular to BA, and parallel 
to 


* e 
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to HF, and conſequently CF is alſo parallel to HF, IS. 
therefore * 5. Pr. 19.) the forces at C, C, B 89. 


are as BG, BC, and CG. 


PROP. LXV. 


If a heavy beam BC, whoſe center of gravity is G, be 90. 
ſupported upon two poſts BA, CD; and be movea- 
ble about the points, A, B, C, D. And if AB, DC 
produced meet in any point H, of the line G, drawn 
cular to the horizon. And if from any point 
F, in the line C, FE be drawn parallel to AB; I 


fay 
the whole weight HF. 


preſſure at C HE 
Thruft or preſſure at B( EF, n 
are reſpeftively as I aud in theſe directions. 


For the points 4, B. C, D being in a plane 
perp. to the horizon; the body may be ſuppoſed 
to be ſupported by two planes at B, C, perpen- 
dicular to AB, DC; or by two ropes BH, CH. And 
in either caſe the weight in direction HG, the preſſure 
at B, Ci n directions HB, EC, are as HF, EF, and 
HE. 


# 


Cor. Hence, whether a body be ſuftained by two ropes 
BH, CH; or by two poſts AB, CD; or by two planes 


perpendicular to BA, CD : The body can then only be at 


reſt, when the plumb line HGF paſſes through G, the 
center of gravity of the whole weight ſuſtained. or which 
is the ſame thing, when AB, DC interſect in the plumb 
line HoF paſſing through the center of gravity. 


. 


8 


OR 77. 


* 
? 
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PROP. LXVI. 


If ſeveral bcams AB, BC, CD, Sc. be joined together 
at B, C, D. Sc. and meveable about the points A. 
B, C, &c. be placed in à vertical plane, the points 
A, F, being fixt, and through B, C, D, drawing ri, 
am, ip, perpendicular to the horizon. And if ſeveral 
weights be laid on the angles B, C, D, Sc. So that 


; S.BCD 
h : 
the weigbt on any angle C may be as 555 


Then all the beams will be kept in equilibrio by theſe 
weights. 


Produce DC to r. then (by Cor. 2. Pr. 8.) S. . 


ABC : S. ABr :: weight B: force in direction BC 
B A,. and S. Be D: S. DCs : : weight : force in 


S. A560 


: __ Cx8.DCs 6; 
direct. CB 5 which, to preſerve the equi- 


librium, muſt be equal to the force in direction BC, 
chat is B © S-ABr Cx S. DS. 


— — — 0 — EC 23 
. e eee 
SAC. S. BD 
Fi © The nenne 


S. BCD S. CDE 
D IEP; 
weight B: weight D:: 


ing, C: D: Therefore ex equo, 


S. ABC . 
S. ABrxS.BCs * $.DCs XS.EDt ©* 
11 S. CDE 


S..ABi x S.CBi * $.CDpxS.EDp * 


Cor. 1. Produce CD, ſo that Du may be equal to Cr, 
and draw wx parallel to Dp, cutting DE in x. - Then 
the weight C, the forces in directions CB, and CD; are 


&s B, CB and Cr reſpectively. And weight C is to the 
weight D, as Br to vox. 


Cor. 


9 n — Q 
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Cor. 2. The force or thruſt at C in direction CB, or at 
B in direction BC; is as the ſecant of the elevation of the 
tine BC above the horizon. 


For, force in direction CB: force in direction CD:: 
CB : Cr :: S. CrB or cn or CD: BC :: coſ. 
elevation of CD : còſ. elevation of CB :: ſec. ele- 
vation of CB: ſec. elevation of CD: becauſe the ſe- 
cants are reciprocally as the coſines. 


Cor. 3. Draw Cp, Dm parallel to DE, CB, then the 
weights on C and D to preſerve the equilibrium, will be 
as Cm to Dp. And therefore if all the weights are given 
and the poſition of two lines CD, DE, then the poſitions 
of all the reſt CB, BA, Sc. will be ſucceſſroely found. 


For let the force in direction CD or DC be CD; 
then Cp is the force in direction DE; and Dm, in di- 
rection CB. And Dp or the weight D, is the force 
compounded of DC, Cy: And Cm or the weight C is 
the force compounded of CD, Dm: by Cor. 2. Pr. 7. 


Cor. 4 If the weights lye not on the angles B, C, D, 
Sc. let the places of their centers of gravity be at g, b, 
k, IJ. And let g, b, k, |, alſo expreſs their weights. 


__ es 5 = 
And take the weight B = £ T 


WW... © 
e Þ+ 36D = + 57! &c. Then BG, 


D, &c. will be the weights lying upon the reſpefive 
angles. 
This is evident by Cor. 5. Pr. 19. 


Cor. 5. If the weights were to aft upwards in the di- 
reftions C, pD, &c. or which is the ſame thing, if 
tbe figure A, B, C, D, E, F was turned upfide down, 
and the weights remain the 2 and the points A, 4 

IP 2 


E 
1 
— 3233 
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FiG. be fixed, as beſere. All the angles at B, C, D &c. and 


conſequently the whole figure will remain the ſame as be- 


fore : And that whether the lines AB, BC, CD &c. be 
flexible or inflexible, cords or timbers. 


This will eaſily appear by the demonſtration of the 
Prop. For the ratio of the forces at any angle C, will 
be the ſame, whether they act towards the point C or 
from it; by Prop. 8. That is, it will be the ſame 
thing whether the weight at any angle C, acts in di- 
rection Cm or Cs. And as the forces were ſuppoſed 


before to thruſt againſt C, the ſame forces now do 
pull from it. 


SCHOLIUM. 


If DABF be a ſemicircle, whoſe diameter is DF, 
draw AG perpendicular to DF. Then the force or 
weight at any place A, to preſerve the 1 
will be reciprocally as A0, or directly as the cube of 
the ſecant of the arch BA. 


Likewiſe it follows from Cor. 5. That if any cords 
of equal lengths be ſtretched to the ſame degree of 


curvature, the ſtretching forces will be as the weights 
of the cords. 


0 


1 
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The flrength of beams of timber in all 
pofetions; and their flireſs, by any 
weights ating upon them, or by any 
forces applied to them. 


PROP. LXVII. 


The lateral firength of any piece of timber, in any place 
whoſe ſetion is a rectangle; is direly as the breadth 


and ſquare of the depth. 


Let BD be any beam, placed horizontally, and 
fixed at the end BC. And let A be the perpendi- 
cular ſection. Divide the depth AF into an infinite 
number of equal parts at a, 6, c, d, &c. whoſe num- 
ber is AF or n; through which ſuppoſe lines drawn 
parallel to FG. And let any force be applied at P in 
direction DP, to break the beam at AF : I hen ſince 
the ftrength of the timber is nothing but the force by 
which the parts of the timber at 4, 6, c, &c. cohere 
together : The breaking the timber is nothing but 
overcoming this force, and ſeparating” the parts at 4. 
5, c. Suppoſe 1 = force of coheſion of any of the 


parts Aa, ab, bc, &c. And imagine QAa, QAb, 


9 Ac, &c. ſo many bended leavers whoſe fulcrum is at 
A. And let us ſee what will be the ſum of all the 
forces applied at Q to break the timber at . Now 
(by Cor. 1. Pr. 19.) the * applied at & to equal 

— or 


F160. 


93: 
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11d. or overcome the refiſtances at A, a, b, c, &c. will be 


93. 


9 „ @&  A@& Ad c. wm AF 


AD AD A 78 AD? 
R Wh 4 
79 2, 79 79 — 2 Therefore the ef. 
fect of all the forces applied to Q: or the whole ſtrength 
of the beam at 4, will be S or 


> that is, becauſe 49 is given, as mn or AF, 
Now if the breadth FG be increaſed in any proportion; 
it is evident the ſtrength of every Part Aa, ab, &c. 
will be increaſed in the ſame pr ion; there- 
fore the abſolute lateral ſt will be as AF» 
FG. 


that is as 


Cor. 1. In ſquare timber, the lateral ſirength is as the 
cube of the breadth or depth. 


Cor. 2. And in general, the lateral ftrength of any 


Pieces of timber, whoſe ſeftions are ſimilar figures, are 


as the cubes of the ſimilar ſides of the ſeftions. 


Cor. 3. And in any pieces of timber, whoſe ſeflions 
are ſuch figures, that the correſpondent ordinates, paral- 
lel to the borizon, are proportional; the ſtrengths are as 
the breadths and ſquares of the depths; or as the ſeftions 
multiplied by the depths. 


SCHOL. 


What is here ſaid of timber, is true of any ho 
neous bodies whatever ſort of matter they are of. But 
the abſolute ſtrength of any beam, leaver, rope. &c. 
when drawn in direction of its length, will be as the 
ſection of it. For every does in this caſe bear an 
equal ſtretch ; and the ſum of all the parts is equal 
to the whole, and that is as the ſection. 


PROP. 
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PROP. LXVIII. 
The firength of a Tube or hollow cane AB, to that of 


2 a ſolid one CD; is as the ſection of the tube (excluding 
| the hollow) to the ſettion of the ſolid cane, and the di- 
\ ameier of the tube to the diameter of the ſolid cane, 


nearly. 


For by Cor. 2. of the laſt Prop. the ſtrength of the 
ſolid cylinder BF is A, and the ſtrength of the in- 
ner ſolid cylinder, whoſe fulcrum is at G, is EG,, 

3 and whoſe fulcrum is at F is greater than EG* and 

| leſs than EP, and is nearly EG + FER 
AF — AE), that is AF'—2 AP: x AE nearly. there- 
fore the ſtrength of the tube AE, is the difference 
of the ſtrength of theſe cylinders, that is, A — AF* 

| A423 AF*'x AE or ZA AE. Likewiſe the ſtrength 
of the ſolid cylinder DCH is CFP. therefore the ſtrength 
of the tube FB: ſtrength of the cylinder HD :: 3 4F> 
AE: CH. but the ſection of the tube is as 472 — 


EG or AE — AF—2 Al = 4AF X AE nearly, 
whence ſtrength of the tube FB: ſtrength of the cy- 
Iinder HD:: + AF XAE: CH x CH:: 42AFX AEX15% 
AF: CH X CH:: ſection of the tube xi its diameter: 
ſection of the cylinder x its diameter : : ſect. tube x 
diameter: ſect. cylinder x diameter nearly. 


Otherwiſe. 


Let the area of the ring AEGF be diſpoſed into 
another ring whoſe diameter is leſs than AF; then 
ſince every particle of it acts at a leſs diſtance from 
the fulcrum F, its ſtrength will be leſs in propor- 
tion; that is, its ſtrength will be as the diameter of 
the ring. And when the ring is fo far diminiſhed as 
to become an entire circle, the proportion of their 
ſtrength will not differ far from the proportion of 
their diameters. Let = diameter of that circle be 5 
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then ſtrength of the ring or tube: ſtrength of an 
equal circle :: AF: R. And the ſtrength of R : to 
that of CH :: R: CIP. Therefore ex equo, ſtrength 
of the tube BF: ſtrength of the cylinder HD:: AF x 
R.: R x CH:: AR: CH X CH :: AF & area 
ring : CH x area of the cirele CH. 


Cor. Hence the ſtrength of different tubes are as their 
ſections, and diameters, nearly. 


PR OP. LXIX. 


If any force be applied laterally to a leaver, or beam; 
the fireſs upon any place, is directly as the force, and 
its diſtance from that place. 


For ſuppoſe PA F to be a bended leaver. It is evi- 


dent the greater the power at P, the greater force is 
applicd at F to ſeparate the of the wood. Alſo 

e greater the diſtance AP, the greater power has any 
given force applied atP, to overcome the coheſion of the 
Ng at F. And therefore the whole ſtreſs depends on 


Cor. 1. If two equal weights lye upon the middle of 
two beams, or upon any other ſimilar places C 
the ſtreſs in theſe places, will be as the lengths of the 


For if C be the middle point ; then A. bears half 
the weight; therefore the ſtreſs at C is as ACx + 
weight, that is, becauſe half the weight, or the force 
acting at. ¶ is given; therefore the ſtreſs is as AC or half 
AB, and therefore as AB. And it C be in any other 


ſimilar fituation in both beams, the ſame thing will 


follow. 7 


Cor. 2. If two beams bear two weights Wan 
their 


ae zz33xSEie 5 
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their lengths and in à like ſituation; the ſtreſs upon each x1 6. 


will be as the ſquare of its length. 


Cor. 3. And if two beams bear two weights reciprocally 
as their lengths, in a ſimilar ſituation ; the ſireſswhere the 
weights lie, is equal in both, 


PROP. LXX. 


Let AB be any beam of a given length, ſupported at 
A and B; and any given weight either ſuſpended at 
any point C, or equally diffuſed through the whole 
length of the beam AB : I jay in either caſe, the ſtreſs 
of the beam in C, is as the reftangle AC X CB. 


| Casz I. 

Let the given weight be repreſented by the given 
length of Ae Then (by — = 9.) 
the weight at A, and the reaction equal thereto, will 
be CB. And by the laſt Prop. the ſtreſs at C will be 
as the force acting at A x diſtance AC, that is, AC x 


CB. 
CASE II. 
Let AB be divided into an infinite number x of 
equal parts, each = 1, then as AB repreſents the 
whole weight, 1 will be the weight ſupported upon 1 


part of the beam, let it reſt at p; then —- = is 
preſſure on B. Therefore (by the laſt Prop.) the ſtreſs 
at p is Ap x pB A xBC 


AB 


ariſing from the weight at p. Conſequently the ſtreſs.at C 
ariſing from the ſum of all the weights between A and 


C, will be e x BC; that is, (be- 
eauſe AC is the number of them) 2. And 


enn... the Ga ar 6, ng Gn the 
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> Wh 
con tly the whole ſtreſs at C is 
AC» x BC+- CB*xX AC  AC+CB 
by 2 AB 7: ma 


XACKCB= 


AC x CB 
2 2 


Cor. 1. * beam is in the _— 
the weight being either ſuſpended there, or equally diſpoſe 
— th of the beam. 22 


Cor. 2. The fireſs of the beam at any point p, by a 
weight applied to any other point C; is as Ap x CB. 


For ACXCB is the ſtreſs at C, and (by Prop. laſt) 
AB will be the ſtreſs at p. 


Cor. 3. The ſtreſs of the beam at any point C, by a 
weight ſuſpended there; is double the ſtreſs of the beam at 
the ſame point C, by the ſame weight preſſing uniformly 
on all parts of the beam. 

For by caſe 1, the ſtreſs at C is AC x CB; and by 


caſe 2, the ſtreſs at C is 22. 


Cor. 4. The ſtreſs of a beam at any point C by a 
<weight . is double to the ſlreſs at C, 4 
- fame weight is uniformly diſperſed on all the parts of 


Cor. 5. If a weight preſs equally on all the parts of 


C; the fireſs at C, by that preſſure, is to the ſtreſs at 
C, when ſuſpended at C:: as ApÞ+ AC, to 2 AC. 


For (by Cor. 2.) the ſtreſs at C, by the weight 1 
lying at p is ApxCB, and at C, is ACXCB. * 
ore 


K 8 
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fore the whole ſtreſs at C, by the whole weight on all 710. 


the points of pC, is the ſum of all the Ap Xx CB = 


Ao EZ. . CB= DEE x 


FC x CB. But the ſtreſs by the whole weight at C is 
AC x CBXpC; and the former is to the latter, as 


— to AC, 


Cor. 6. If a weight preſs equally on all the parts of 
Ap; the fireſs at any 
frreſs at C if ſuſpended there : : as Ap to 2 AC. 

For the ſtreſs at C by all the weight on Ap, is 
ST ApxCB= ch. And the ſtreſs 
by the weight 4 at C, is ACxCBxAp. 3 


Cor. 7. The ſtreſs at p by a weight at C; is equal to 
the fireſs at C, by the ſame weight at p. 


PROP. LXXI. 


If CD be a prominent beam, fixt horizontally at the end 
C, as in à wall; and if a weight, proportional to the 
length of the beam, be diſperſed uniformly on all parts 
of the beam. The ſtreſs at any point F, will be as 
D, the ſquare of the diſtauce from the extremity. 


For let FD be divided into an infinite number of 


equal parts at p, g, r, 5, &c. and let each be = 1, and 
ſuſtain the weight 1. then (by Pr. 69.) the ſtreſs at F, 
by the weights at F, p, g, r, &c. will be 1x9, 1xFp, »xFq, 
&c. or as O, 1, 2, 3, &c. reſpeCtively : therefore the 


whole ſtreſs at C will be 0+ 1-23. D. 


Cor. 1. Hence theftreſs at F, by any weight ſuſpended 


point C by that weight, is to the © 
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710. at Di will be double the fireſs at the ſame point E, when 


the ſame weight preſſes uni ſo on all the parts be- 
po Preſſes uniformly parts 


For (by Pr. 69.) the ſtreſi at Fby the weight DF, 
1 A or Be 1 


Cor. 2. The ſtreſs at the end BC, by the weight P, is 
the ſame as the ſireſs upon the middle of a beam of twice 
the length DC, with twice the weight P laid on its mid- 
ale ; this beam being ſupported at both ends. 


ä nd fade an frege 
ued to C; and a weight 
equal to P ſuſpended at the end; and then the kul- 
crum C will be ated on with twice the weight P. 
And this is the ſame as if the beam was turned upſide 
down, and twice the weight P laid on the middle C. 


PROP. LXXII. 


If there be % beams ſtanding aflope, and bearing two 
weights upon them, either in the middle 


„er in 

en or diffuſed over the whole length 
Xr The fireſs 2 price ogra. 
the weights, and the lenvths, and the cofines of ele- 
vation. 


For (by Cor. 1. Pr. 31.) the * is to the preſ- 
ſure upon the plane, as radius to eoſ. elevation. 
Therefore the preſſure is as coſ. elevation x weight: 
Andthis is the force acting againſt the beam. There- 
fore (by Pr. 68.) the ſtreſs will be as its length and 
this forcez that is, as the length, the weight, and 


col. | 
Cor. 1. If the weights and length of the . 


8 — & R xX 
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ſame : the fireſs will be as the coſine of elevation; and 210. 
therefore greateſt when it lies borizont 99. 


— 28 
Cor. 2. If the beams lye horizontal, or at any equal 
inclinations ;, and the weight be as the length; then the 
Preſs is as the ſquare of the length. 


Cor. 3.1f the weights are equal, on the borizontal beam 
AB, and the inclined one M: and BC be perp. to AB . 99. 
then the fireſs will be equal upon both. 


For the length X coſ. elevation is the ſame in both, 
or ACB coſ. A = AB x radius. 


Cor. 4. But if the weights on the ſame beams be as 
their lengths ; then the ſireſs will alſo be as their lengths, 
AB and AC. 


Cor. 5. And univerſally, the fireſs upon any point of a 
ſloping beam, is as the reftangle of the ſegments, the 
weight, and coſ. inclination direfly ;, and the length of 
the beam reciprocally. 


For in the horizontal beam AB, if the weight 7 
lie upon C, the preſſure at A will be =}, x W. and „ 
(by Prop. 69.) this preſſure or force x diſtance Ic, I 
Vill be as the ſtreſs at C; that is, 2 xIW is as 1 
the ſtreſs at C. And if the beam lie aſlope, the ſtrels j 
— ane era—t 
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PROP. LXXII.. 


If any beam of timber be to ſupport weight, or preſ- 
ſure, er fire ating laterally — rag the breadth 
plied by the ſquare of the depth, or in ſimilar 


ſeFions, 
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ſections, the cube of the diameter, in every place; 
ought to be proportional to the length multiplied by the 
weight or force atting on it; or as the ſtreſ in that 
place. and the ſame is true of ſeveral different pieces of 
timber compared together, 


For every ſeveral piece of timber, as well as every 
of the ſame timber or beam, ought to have its 
| ark 41 to the weight, force, or preſ- 
ſure it is to ſuſtain. And therefore the ſtrength ought 
to be univerſal y as the fret upon it. But (by Pr. 
67.) the ſtrength is as the breadth x ſquare of the 
depth. And by Pr. 69 ) the ſtreſs is as the weight 
or force x by the diſtance it acts at. And therefore 
theſe muſt be in an invariable ratio. 


Cor. t. If AEB be a prominent beam fixt at the end 
AE, and ſuſtaining a weig bt at the other end B. And 
if the ſell ions in all places be ſimilar figures; and CD be 
the diameter in any place C; then CB will be every 
where as CD*. Andif ACB be a right line, EDB will 
be a cubic parabola. Therefore q of ſuch a beam may 
be cut away without any diminution of the ſtrengib. 

But if the beam be bounded ty two parallel planes, per- 


pendi to the horizen; ther CB will be as CMD, and 


then EDB will be the common parabola. whence a third 
part of a beam may be thus cut away. 


Cor. 2. But if a weight preſs uniformly on every part 
of AB; and the ſeftions in all points as C, be ſimilar; 
then BC will be every where as CDi; and EDB a ſe- 
mi-cubical parabola. 

But if the beam be bounded by parallel planes, perp. to 
the borixon; that BC will be as CD, and EDB a right 
line. bere balf g beam may be cut away, without lojing 


Cor. 
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Cor. 3. If AB be a beam ſupported at both ends, and p10. 


if it bear a weight in any variable point C, or uniformly 
on all the parts of it. And if all the ſeftions be fimilar 
figures, and CD be the diameter in that place C; then 
will CDi be every where as AC x CB. 

But if it be bounded by two parallel planes, perp. to 
the horizon ; then will CD® be every where as AC x CB, 
and therefore the curve ADB is an elliꝑſis, ſuppoſing AB 
a right line. 


Cor. 4. But if a weight be placed at any given point 
P, and all ſections are ſimilar figures; and if CD be any 
diameter; then will BC be as CDi; and AQ and BY are 
two cubic parabolas. | 

But if the beam be bounded by two parallel planes, 
perp. to the horizon; then BC is as CD, and AY and 
BY) are two common parabolas. : 


SCHOL. 


All theſe things a from the foregoing propoſi- 
tions, but it is |, key" that the — rea 
mogeneous and of the ſame goodneſs; otherwiſe a 
proper allowance muſt be made for the defect. And 
what is here ſaid of pieces of timber, holds equally 
true of any other ſolid bodies, ſuch as pieces of me- 
tal, ſtone, &c. And if pieces of timber or metal 
be cut into the figures mentioned in the foregoing 
corollaries, all the will be diſpoſed to break to- 
gether. And if a ſpring is to be made, its age ought 
to be as in Cor. 1. And then every part wi a 
ſtreſs proportional to its ſtrength. 


PROP, 


103. 


104. 
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P R OP. LXXIV. 


Fa weig bt A be ſupported upon the end of a crooked 
piece of timber ABD; and from the ends, a line AB 
be drawn perpendicular to the horizon ; and from the 
angle B, the line BC perp. to AD: The fireſs at B 
will be as the perpendicular BC. 


For as the weight at A acts not in direction AB, but 
in direction AD; therefore it is the ſame as if it were 
applied at the point C. But a force applied at C, has 
a greater power to break the timber at B, in propor- 
tion as the leaver BC is longer. This force there- 
fore, or the ſtreſs at B is as BC. 


Cor. 1. Hence if any two forces acting from or againſt 
one another, at the ends A, F, of any crooked beam 
DEF, and keep one another in equilibrio; and the 
line AF or the direction of the forces being drawn : The 
frreſs at any point, is as the perpendic. upon AF. So the 
fireſs at b is be; at B, BC; at D, DI; atE, EK: 
And at G, H, nothing. 


2 - Hence alſo ; that the ftreng oth in any part b, 
oportional to the fireſs there; 9 * / 1 
72205 1 2 * uare of the depth, muſt be as the 

cular bc: 2 that the depth, which is in the plane 
4 through 45. 


PROP. LXXV. 


Having the length AB and weight W, of a cylinder 


or priſm, that can juſt ſupport the £5, P at 
the end; to find the lneeb of another beam FG, ſimi- 


© lar to the former, and of the ſame matter, that will 
Jul break with its own weight, or only ſupport ſelf 
ince 
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Since the weights of ſimilar ſolids of the ſame mat- 
ter are as the cubes of the lengths, it will be 4B* : }/ 
For: * . the weight of the beam GH. then 
by Cor 2. Pr. 67. 

The ſtrength of the beam 4B is AC ; and of FG, 
wy 4 And by Prop. 69. the ſtreſs at 4 is B 
X 


And the ſtreſs at F is Ex WxEG. And fince the 


beams are both ſuppoſed to brtak with theſe 
therefore the ſtrength muſt be as the _—_ that 1s, 


AN A8 — Wi: AC : FD) :: AB! : FG. 
Whence ET: = m6 8 


2 


or FG x W=AB 21 whence V: N24 
:: AB: FG, the length required. 


Cor. 1. If eW=A. then FG=AB * 2c, 


Cor. 2. Hence there is one and only one beam that 
will juſt break by its own weight, or juſt ſuſtain itſelf. 


Cor. 3. The ſame Prop. will likewiſe bold good, in re- 
gard to 2 beams ſupported at both ends and breaking in 


the middle, by Cor. 3. Prop. 70. 


Cor. 4. If the beam FG break by its own weight, a 
beam of twice the length of FG, and ſupported at both 
ends will alſo break by its own — or if one ſuſtain 
itſelf, the other will. 


For the ſtreſs is the ſame in both of them, by Cor. 
3. Prop 70. and Cor. 1. 14 71. each of them — 


129 
FIG. 
107. 


:: 108. 


138 


STRENGTH any STRESS 


FIG. equal to the ſtreſs of a beam, twice the length of FG, 


109. 
110. 


and ſuſpended in the middle. 


PROP. LXXVI. 


If any weight be laid on the beam AB, as at C, or any 
force applied to it at C; the beam will be bent thro 
a ſpace CD proportional to the weight or force applied 
at C. And the reſiſtance of the beam will be as the 
ſpace it ts bent through, nearly. 


In order to find the law of reſiſtance of beams of 
timber or ſuch like bodies, againſt any weights laid 
upon them, or ſtraining them; I took a piece of 
wood planed ſquare ; and ſupporting it at both ends A, 
B, I laid ſucceſſively on the middle of it at C, 1, 2, 


3» 4» 5» 6, 7, and 8 pounds; and I found the mid- 


dle point C to deſcend through the ſpaces 1, 2, 3, 4. 
5, 6, 7, and 8, reſpectively. And repeating the ſame 
experiment with the weights 3, 6, 9 1b. they all de- 
ſcended either accurately or very near- 
ly as the numbers 1, 2, 3. I tried the ſame thing 
with ſprings of metal, and found the ſpace through 
which they were bent, proportional to the weight ſuſ- 
pended. I alſo tried ſeveral experiments of this kind 
with wires, hairs, and other elaſtic flexible bo- 
dies, by hanging weights at them : And I found that 
the increaſe of their lengths, by ſtretching, was, in 
each of them, proportional to the weights hung at 
them. Except when they were going to break, and 


then the increaſe was ing greater. It may be 
obſerved that none ol de bak regained their rſt 
figure, when the weights were taken off, except well 
tempered ſprings ; ſo that there are no natural bodies 

fectly elaſtic. And even ſprings are obſerved by 
Experience to grow weaker by often bending; and by 
remaining ſome time unbent, will recover part 
frepgth : And are ſomething ſtronger in cold * 


ner rer rtr 89 


n“ 


Sect. VIII. OF TIMBER, 


hot weather. But at any time a ſpring. and all ſuch 
bodies obſerves this law, that 


131 
710. 


they have the leaſt re- 109. 


ſiſtance when leaſt bent, and in all caſes are nearly 110, 


bent through ſpaces proportional to the weights or 
forces — And therefore I think this ＋ ſuf- 
ficiently eſtabliſhed, that the reſiſtance any of theſe 
bodies makes, is proportional to the ſpace thro* which 
it is bent; or that it exerts a force proportional to the 
r 
wledge of this ſpringy bodies 
is of great uſe 222 For 969 a 
ſpring may be contrived to pull at all times with equal 
ngth, as in the fuſee of a watch. Or it may be 
made to draw in any 2 of ſtrength required. 
ing may be — to the 


The action of a 
lifting up a chain of weights, lying upon a plain; 
„„ 
endways. 


PROP. LXXVII. 


To find the lateral firength of am beam of timber, whaſe 
tranſverſe ſetion is any figure whatſoever. 


Let ERG be the ſection of the beam in the place 
where it breaks. Draw the ordinates IN, in, inffaite- 
ly near each other and parallel to the baſe RG. 


"I b, IR = WV. 
IN =y 
the dbſolute frength of one fibre of the wood = 1. 


When-the beam-breaks, it is done by the ſeparation 
of the parts of the wood at E. Therefore QRE muſt 
be eſteemed a bended leaver, whoſe fulcrum is at R. 
When the beam breaks, the fibres at E are ſtretched 
to their full ſtrength, but thoſe nearer R are leſs 

K 2 ſtretched, 


111. 
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ſtretched, and exert leſs force or reſiſtance in propor- 
tion to their diſtance from R (by the laſt Prop.); and 


therefore the reſiſtance of a fibre at = 3 and the 
reſiſtance of all the fibres in the parallelogram In, = 


7* In; and the power of all the fibres in the paral- 


lelogram, in regard to the brachium IR, 18 * In. 


And the ſum of all the powers in the whole ſection = 


ſum of all the — * Is. 


Let g, p, be the diſtance of the center of gravity 
and percuffion from RG, as the axis of motion. 


Then (by Cor. 1. Prop. LVII.) the ſum of all 
the vv x In = gp x ſum of all the In = gp x ſec- 


tion ERG. And the ſum of all the TX 


Xx ſection ERG. therefore the ſtrength of the beam 
E is = £7. X ſeflion ERG. e 


112. Cor. 1. If ibere be taken RO = 2, then all the f- 


bres of the wood being ſuppoſed to be collected in O, and 
acting there with their full ſtrength ; their total ſtrength 
at O, ſhall BZ equal to the ſtrength of the beam, at the 
ſection ERG. . | 


For ſuppoſe O to be ſuch a point; then the ſtrength 
of the beam, or . x ſection ERC = RO x ſeftion 


| ERG; and RO = N. 


= Cer. 2. If the ſeclion be a parallelogram g = + d, and 
=+34d, therefore RO=4d. | In 
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In a circle whoſe diameter is ER, g A d, pd, 


and RO , 4,= d, nearly, as in the parallelogram. 


In the peripher) of a circle (the beam being a hollow - 
cane) g A d, and p A d, whence RO = d, d, 


nearly : as in the parallelogram. 


PROP. LXXVIII. 


Given the weight that will break a beam laterally, to 
find how much vill break it when drawn in direfion 
of its lens th. 


Let DR be the beam. 

put I = its length DE, 

W = weight applied at D, that can break it at E, 

d = depth ER, 

g = diſtance of the center of gravity of the ſection 
ERG from R, 

Þ = diftance of the center of percuſſion of ERG 
from RG, 


then — W = weight that will break it when drawn in 
direction of its length. 


But if the beam be ſupported at both ends, and the 
weight breaks it in the middle; g and p muſt be meaſured 
from the upper fide, and take | for haif its length, W for 
balf the weight that breaks it. 


For by Cor. 1. of the laſt Prop. if RO = 2, then 


all the fibres of the beam acting at O, wi be equal to 
the ſtrength of the beam; and ſince I, applied at 
D, can break it in either caſe, chereiore by the nature 
of the leaver, it will be, / x / = RO x ablolute 

| K 3 ſtrength 
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=# x abſolute ſtrength, therefore the ab- 


„ or the weight that can break 
it when drawn in length. 


Cor. Hence if there be taken RL = H. then the 


weight which being applied at L, will juſt break the 
beam horizontally ; the ſame will juſt pull it aſunder, 
toben applied lengihways, 


For then / = A, and weight , = reſiſtance atO 
= ſtrength of the whole beam. 

Theretore if a piece of oak an inch ſquare and a foot 
long ſupported at both ends, bears 315 lb. before it 
breaks; it will bear, when drawn in length, 2835 lb. 
or 1 tun, 5 hundreds, 2 ſtone, 7 pounds; that is, 
above a tun and a quarter. 


SCHOL. 


Here we all along ſuppoſe that the fulcrum at R 
remains fixt; but if it ſhould vary by the denting in 
of the parts at R, it will cauſe a little variation in the 
ſtrength, and make the beam ſomething weaker late- 
rally. And that it will yield a little this way is evident 
from experiments, for the hardeſt bodies, ſuch as glaſs 
in ſmall threads, may be extended in length, and con- 


ſequently may be contracted by a contrary force; and 


balls of glaſs or wood let fall upon a hard body, will 
rebound; which they cannot do without the Th 
in of the parts. 


PROP, 
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PROP. LXXIX. 


If a weight be laid upon the ftreight beam AB ſupported 
at both ends; its bending or curvature will be nearly, 
as the weight and length dirctily ; and as the breadth 
and cube of the depth reciprocally. 


It is found by Prop. 76. that if ſeveral weights be 
Jaid ſucceſſively upon a horizontal beam AB, the ſpace 
CD through which the point D defcends will be as the 
weight it bears. Now the parts at e, /, which are 
contiguous at the beginning of the deſcent, are gra- 
dually ſeparated ; till at laſt the beam breaks. At 
which time, when it can bear no more, the infinitely 
ſmall diftance ef is a given quantity. If CD be ſup- 
poſed very ſmall, then CD is as the curvature at D, 
and this curvature is as the infinitely ſmall angle D/, 


wipe: | = 
that is, as DP 4 


Let L be the length of any beam, 5 its breadth, 
Df its depth; then (by Pr. 73.) its ſtrength, or the 
weight it will bear, is as 2X27, Therefore put 


x for the greateſt weight, and If for the cur- 


vature when breaking; for any other weight, and 
C the correſpondent curvature. And it wall be as 


KD . 1 „ „ _ 
7 Df C 


55 


Cor. 1. The quantity of deflexion CD of any beam, is 
as the weight and cube of the length diretily, and the 
breadih and cube of the depth reciprocally. 


For when CD is very ſmall, AB is very near a 
K 4 circle, 


rig. Crcle, or nearer a 


STRENGTH aw STRESS 
parabola ; ſuppoſe it a circle and let 


114. its radius be R; then 2RxCD= AD or; LL; 


CD I ED -, 
therefore Tr = FF, whence TT is as pc cur 
To 1 


vature C, that is, as Al or CD 1s as 


* D 
And if ACB, the original poſition of the beam, is not 
a 


tity 


Cor. 2. In ſimilar homogeneous ftreight bodies, the cur- 
vature is as the weight direftly, and cube of the depth 
reciprocally : but the deflexion CD is as the weight direct- 
ly, and depth reciprocally. 


Cor. 3. In ſimilar bodies bending from a ſtreight line 
by their own weight ; the curvature is given: And the 
ion is as the ſquare of the depth. 


Cor. 4. In the utmoſt ſtrength of beams, or their 
breaking poſition , the curvature is reciprocally as the 
depth ; and the deflexion as the ſquare of the length direct h, 
and the depth reciprocally. For then bx DV is as L. 


Cor. 5. What is ſaid of ſtreigbt beams, is equally true 
of any beams in regard to the increaſe or variation of 


| ure, and to the defleftion from their original po 
ſition. | 
SCHOL 


What is faid of beams of timber in this ſection, is 
equally applicable to any ſolid bodies, acted on in a 
like manner as by weights. There are ſome bodies, 
in which a very little bending may have a great effect; 
as in the glaſſes of large teleſcopes. For (by Cor. 3. 
of the laſt Prop ) the deflexion trom their true figyre, 
ariſing from their own weight, is as the ſquare of the 
diameter, when the glaſſes are ſimilar, And though 


t line; yet CD will ſtill be of the ſame quan- 
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this be inſenſible in ſmall glaſſes, it may produce 10. 
ſome ſenſible error in large ones: And the ſame may 114. 


ha to them in grinding by too much preſſure. 
Fm the foreguing propoſitions it follows, that if 
a certain beam of timber be able to ſupport a given 
weight; another beam of the ſame timber, ſimilar to 
the former, may be taken ſo great, as to be able but 
Juſt to bear its own weight. And any bigger beam 
cannot ſupport itſelt, but muſt break by its own 
weight; and any leſs beain will bear ſomething more. 
For the ſtrength being as the cube of the depth ; and 
the ſtreſs, being as the matter and length, is as the 
fourth power ot the depth: It is plain the ſtreſs in- 
creaſes in a greater ratio than the {trength. Whence 


it follows that a beani may be taken ſo large, that 


the ſtrels may far exceed the ſtrength. And that of 
all ſimilar beams, there is but one that will ſupport it- 
ſelf and nothing more. Likewiſe if any beam can 
bear ten times its own weight; no other ſimilar beam 
will do the ſame. And the like holds in all machines 
and in all animal bodies. And hence there is a cer- 
tain limit, in regard to magnitude, not only in all 
machines and artificial ſtructures, but alſo in natural 
ones, which neither art nor nature can go beyond ; 
ſuppoſing them made of the ſame matter and in the 
ſame proportion of parts. | 

Hence 1t is impoſſible that mechanic engines can be 
increaſe to any bigneſs. For when they arrive at a 
particular ſize, their ſeveral parts will break and fall 
aſunder by their weight. Neither can any buildings 
of vaſt bigneſs be made to ſtand, but muſt fall to 
pieces by their great weight, and go to ruin. Vaſt 
colunms and pyramids will break by their weight; and 
tumble down. | 

It is likewiſe impoſſible for nature to produce ani - 
mals of any vaſt ſize at pleaſure; or any ſuch thing 
as giants, or men of prodigious ſtature; except ſome 
ſart of matter can be found to make the _— 

whic 
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110. which is ſo much harder and ſtronger than any hi- 


114. therto known: or elſe that the p 


weight, muſt fall down. 


roportion of the 
be ſo much altered, and the bones and mths tude 


thicker in proportion; which will make the animal 
diſtorted and of a monſtrous figure, and not capable 
of performing any proper action. And being made 
firmlar and of common matter ; they won't be able to 
ftand or move, but being burdened by their own 


Thus it is impoſſible that there can be any animal 
ſo big as to carry a caſtle upon his back; or any 
man ſo ſtrong as to remove a mountain, or pull up 
a large oak by the roots: Nature will not admit of 
theſe things; — it is impoſſible there can be ani- 
mals of any ſort beyond a determinate bi 


Fiſh may indeed be produced to f larger ſize than 
land animals; becauſe their weight is ſu — by the 
water. But yet they cannot be increaſed to immenſi- 


ty. becauſe the internal parts will preſs upon one 
another by their weight, and deſt Ben fabric. 
On the contrary a the ſize of anduns | is dimi- 
niſhed, their ſtrength is not diminiſhed in the ſame 
rtion as the wei And therefore a ſmall ani- 
mal will carry far more than its own weight, whilſt a 
one cannot carry ſo much as its weight. And 
ence it is, that ſmall animals are more active, will 
— faſter, jump further, or perform any mo- 
tion quicker, for their * large animals: 
For the leſſer the animal the greater the proportion 
of the ſtrength to the ſtreſs. And nature ſeems to 
know no bounds, as to the ſmallneſs of animals, at 


leaſt in regard to their weight. 
Neither can any two unequal and ſimilar machine 
reſiſt any violence alike, or in the ſame p 3 4 


but the greater will be more hurt than che lef 

the ſame is true of animals; for large N by fal 

ing break their bones, whilſt leſſer ones falling higher 

receive no damage. Thus a cat may fall two or 
_ three 
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three yards high and be no worſe,, and an ant from 
the top of a tower. 

It 1s likewiſe impoſſible in the nature of things, 
that there can be any trees of immenſe bigneſs; If 
there were any ſuch, their limbs, boughs, and 
branches muſt break and fall down by their great 
weight. Thus it's impoſſible there can: be an oak a 

rter of a mile high; ſuch a tree cannot grow or 
and, but its limbs willdrop off by their weight. And 
hence likewiſe leſſer plants can better ſuſtain them- 
ſelves than large ones can do. 

Neither could a tree of an ordinary ſize be able to 
ſtand, if it was compoſed of the ſame tender matter 
that ſome plants conſiſt of. Nor ſuch a plant if it 
was much bigger than common. And that plants, 
made of ſuch tender matter may better ſupport them- 
ſelves ; Nature has made the trunks and branches of 


many of them hollow; by which means they are both 


lighter and ſtronger. 

The propoſitions before laid down, concerning the 
ſtrength and ſtreſs of timber, Sc. are alſo of excellent 
uſe in ſeveral concerns of life, and particularly in ar- 
chitecture; and upon theſe 82 a great many 
problems may be reſolved relating to the due propor- 
tion of ſtrength in ſeveral bodies, according to their 

icular poſitions and weights they are to bear; 
of which 1 ſhall briefly enumerate. 

If a piece of timber is to be holed with a mortiſe 
hole, the beam will be ſtronger when it is taken our 
of the middle, than if it be taken out of either fide. 
And in a beam ſupported at both ends, it.is ſtronger 
when the hole is taken out of the upper ſide than the 
under one, provided a piece of wood is driven hard in 
to fill up the hole. 

If a piece is to be ſpliced the end of a beam, to 
be ſupported at both ends; it will be ſtronger 
when ſpliced on the underſide of the beam, than on 
the upper ſide, But if the beam is ſupported only 

at 
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F1G, at one end, to bear a weight on the other; it is 
114. ſtronger when ſpliced on the upper ſide, 


I15. 


116. 


When a ſmall leaver, &c. is nailed to a body, to 
move it or ſuſpend it by; the [train is greater upon 
the nail neareſt the hand, or point where the power is 
applied. 

K f a beam is ſupported at both ends; and the two 
ends reach over the Props, and be fixt down im- 
moveable; it will bear twice as much weight, as 
when the ends only lye looſe or free upon the ſup- 
porters. 

If a ſlender cylinder is to be ſupported by two pins; 


the diſtance of the pins ought to be 2; parts of 


the length of the cylinder, that is near + its length; 
the pins equidiſtant from its ends; and then the cy- 
linder will endure the leaſt bending or ſtrain, by its 


weight. 


By the foregoing principles it alſo follows, that a 
beam fixt at one end, and hearing a weight at the 
other; if it be cut in the form of a edge and placed 
with its parallel ſides, parallel to the horizon; it will 
be equally ſtrong every where; and no ſooner break 
in one place than another. 


If a beam has all its ſides cut into the form of a 
parabola, whoſe vertex is at the end, and abſciſſa per- 
pendicular to the axis of the ſolid, and baſe a ſquare, 
a Circle, or any regular polygon ; ſuch a beam fixt at 
one end, is equally ftrong throughout for ſupporting 
its on weight. 

By the ſame principles; if a wall faces the wind, 
and if the ſection of it be a right angled triangle; or 
the foreſide be perpendicular to the horizon, and the 
backfide terminated by a ſloping plane interſecting the 
other plane in the top of the wall. Such a wall will 
be equally ſtrong in all its parts to reſiſt the wind; 
if the parts of the wall cohere ſtrongly together; ay” 


Sect. VIII. OF TIMBER. 


if it be built of looſe materials; it is better to be con- x16. 


vex on the backſide in form of a parabola. 


If a wall is to ſupport a bank of earth or any 
fluid body ; it ought to be built concave in form of 
a ſemicubical parabola, whoſe vertex is at the top of 


the wall; this is when the parts of the wall ſtick well 


together. But if the parts be looſe ; then a right line or 
ſloping plane ought to be its figure. Such walls will 
be equally ſtrong throughout. 


All ſpires of churches in the form of cones or 
pyramids, are equally ſtrong in all parts to re- 
fiſt the wind. But when the parts cohere not to- 
gether ; parabolic conoids are equally ſtrong tlirough- 
ou 


t. 

Likewiſe if there be a pillar erected in form of 
the logarithmic curve; the aſſymptote being the axis; 
it cannot be cruſhed to pieces in one part ſooner than 
in another, by its own weight. And if ſuch a pillar 
be turned upſide down, and ſuſpended at the thick 
end, in the air: it will be no ſooner pulled aſunder in 
one part than another, by its own weight. And the 
caſe 1s the ſame; if the ſmall end be cut off, and in- 
ſtead of it, a cylinder be added whoſe height is half 
the ſubtangent. 


Laſtly let AE be a beam in form of a triangular 


priſm, and if AD= . 4B, and AI = L AC, and 


9 
the point ADIF be cut away parallel to the baſe; 
the remaining beam DICEF will bear a greater weight 
P, than the whole ABCEG, or the part will be 
ſtronger than the whole; which is a paradox in me- 
chanics. 


And upon the ſame principles, an infinite number 
of queſtions of like kind may be reſolved, which are 
| curious 
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FIG. curious and of great uſe in the common af- 
115. fairs of life. 


All I ſhall add here, is the ſtrength of ſome ſorts 
of timber as collected from iments. A piece of 
wood a foot long and an inch ſquare, ſupported hori- 
zontally at both ends, will bear in the middle before 
ie dons, as follows, 
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The properties of fluids; the principles 
„% Hydroflatics, Hydraulics, and 


Pneumatics. 


PROP. LXXX. 


Motion or preſſure in a fluid is not propagated m right 
lines; but equally all around, in all manner of di- 


rekions. 


If a force act at à in direction ab, that motion can 
be directed no further than theſe lye in a 
right line, as to c. But the particle c will urge the 
particles d, F obliquely, by which that motion is con- 
veyed to e, g. And theſe e, g, will urge 
particle x, p, and r, 5 ob . which lye neareſt 
them. n 3 ſoon 2 it is 

ted to particles that lye out of right lines, 

25 — one ſide and Pa, Bay 4 2 
preſſure being farther continued, will deflect into other 
oblique directions, and ſo on. Therefore the preſ- 
ſure and motion 1 * obliquely ad infini- 


tum; and will t e be propagated in all direc- 
tions. 


Cor. If any part of a preſſure propagated way 


a fluid be ſtopt by an obſtacle ; the remaining part wil 
deflett into the ſpaces behind the obſtacle. Thus if a 


wave 


FIG, 
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FIG, wave proceeds from C, and a part goes through the hole 
119. A; it expands itſelf and forms a new wave beyond the 
hole, which moves forward in a ſemircircle whoſe center 
is the bole. 


For any part of a fluid preſſing againſt the next, 
is equally reacted on by the next, and that by the 
next to it, and io on; from whence tollows a lateral 

reſſure, (equal to the direct preſſure) into the places 
hind the obſtacle. 


PROP. LXXXI. 


A fluid can only be at reſt «hen its ſurface is placed in a 
horizontal! ſituation. 


For let ABCD be a veſſel of water or any fluid: 
and let AB be parallel to the horizon. Suppoſe the 
ſurface of the liquor to be in the poſition FE. then 
becauſe the parts of the fluid are eaſily moveable 
among themſelves z therefore (by Ax. 7.) the higher 
parts at E will, by their gravity, continually deſcend 


to the lower places at F. Alſo the greater preſſure un- 
der E and the leſſer under F, will cauſe the parts at 
E to deſcend, and thoſe at F to aſcend. And thus 


the higher parts of the fluid at E deſcending, and 
ſpreading themſelves over the lower parts at F, which 
are at the ſame time aſcending : the ſurface of the 
fluid will at laſt be reduced to a horizontal poſition 
AB. But being ſettled in this poſition, ſince there is 
no pait higher than another, there is no tenden- 
Cy in any one part to deſcend, more than in another; 


and thereſore the fluid will reſt in a horizontal poſition. . 


Cor. 1. If the fluid aces net cravitate in parallel 
lines, but towards a fixt paint or cur C; then he flu- 
id can only be at reſt when its ſur ce ales the ſerm of 
a ſpherical ſurface AB, whoſe cent; 13 C. 

For 
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Set. IX. HYDROSTATICS. 


For if any parts of the ſurface of the fluid A or B, 
were further from C than the reſt, they would Conti- 
nually flow down to the places nearer C, towards 
which their weights are directed: till at laſt they 
would all be equidiſtant from it. 


Cor. 2. Any fluid being — will of itſelf return 
to the ſame level, or horizontal poſition. 


Cor. 3. Hence alſo if a different fluid ABEF reſt upon 
the fluid ABCD; both the ſurface FE, and the Terface 
AB that divides them, will e in à level or horizontal 
fituation, when at reſt. 


For if any part of the ſurface 4B be higher than 
held; ir wii deſcend to the ſame level. And fince 
t AF, BE i 

A 


FE is alſo level, and therefore the height in 
every place equal ; the preſſure of it on all the parts 
of the horizontal ſurface AB will be equal. And 
therefore it cannot deſcend in one place more than ano- 
ther, but will continue level. 


Cor. 4. Hence water communicating with two Places, 
or any way conveyed from one place to another; will 
riſe to the ſame level in both places. Except ſo far as 
it is hindered by the friflion of the it moves 
through. 7 


PROP. LXXXII. 


In any fluid remaining at rot; every part of it, at the 
ſame depth, is in an equal fate of compreſſion. 


For let the plane EF be parallel to the ſurface AB. 
Then ſince the of the fluid at all the points of 
EF is equal; therefore the —_— upon 
any equal parts of EF are the 
3 Fu chi Ada - 
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110. Cor. 1. A fluid being at reſt, the preſſure at a dept 


123. 


of the fluid above it. 


"Uitace of the fluid. 
"53S 


is as the depth. 


For this preſſure on the weight of the ſu- 
perincumbent fluid, and therefore is as its height. 


Cor. 2. In any given place, a fluid preſſes equally in all 
directions. 


For (by Pr. 80.) as the preſſure in any place, acts 
in all directions; it muſt be the ſame in all directions. 
For if it were leſs in one direction than another, the 
fluid would move that way, till the preſſure becomes 
equal. And then the fluid would be at reſt, and be 


equally compreſſed in all directions. 


Cor. 3. The preſſure is equal in every part of a plane 
drawn parallel to 'ZOR. 


Cor. 4. When a fluid is at ref, each drop or par- 
ticle of it, is equally preſſed on all fides, by the weight 


PROP. LXXXIII. 


bh any veſſel whoſe baſe is parallel to the horizon, the 

| Preſſure of a fluid upon the baſe, is as the baſe and 
perpendicular pro, x of the fluid; whatever be the 
figure of the comaining veſſel. 


Casez I. 


Let ABCD be a cylinder or priſm, then (by Cor. r. 
Pr. $2.) the preſſure upon a | og By, baſe, 
w_ inch) is as the depth. And the preſſure 
whole baſe is as the number of or in- 


I and therefore is as the baſe and 


Can 


rr AW 7 
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Set. IX. HYDROSTATICS. 


CASE II. 


Let the heights and baſes of the veſſels ABC, DEF 
be equal, to thoſe of the cylinder ABCD ; then ſince 
"ny part of the baſes AB or DE is equally preſt as 

an equal part of the baſe CD; therefore the whole 
preſſure upon the baſes AB or DE is equal to the 
whole preſſure upon the bale CD. And therefore is 


as the baſe and perpendicular height. 


Cor. 1. If two veſſels ABC, DEF of equal baſe and 
height, though never ſo different in their capacities; be 
hf _ any the ſame fluid; > mh baſes will — 
e 


Cor. 2. The quantity of preſſure at any given depth 

a given 2 ay of tag the y =. 
face preſſe be parallel to the horizon, or 

or oblique: or whetber the fluid, rwpwards 
from the compreſſed ſurface, riſes — in 4 
reflilinear diretion, or creeps through crooked 
cavities and canals ;, and whether theſe paſſages are regu- 
lar or irregular, ado narrow. And hence 


3- If ABDCF be any veſſel containing a fluid; 
and BY ED, HFOK, and GC be per cular 
to the borizon, and GHAB the ſurface of the liquor; 
and FL, COD parallel to AB. Then the preſſure at I. 
and F is as RL er HF; at D, O, and C, as ED; at K 
as HK. And therefore x; at L and Fis the - ſame. 


Ad the preſſures at D, O, C, are equal. 


Cor. 4. The preſſure is every where diretted per pendicu- 


ainſt the inner ſurface A the veſſel. Therefore at 


ag 
& it is direfled downward, at L fideways, and at F up- 


wards. By Prop. 9. * 
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Cor. 5. If two veſſels AB, CD communicate with one 
another by the tube BC: And if any liquor be poured 
into one AB, it will riſe to the ſame height in the other 
CD; and will ſtand at equal heights in both ; that is, AD 
will be a borizontal line. 


For if the fluid ſtand at unequal heights ; the preſ- 
ſure in the higher will be greater than in the lower, 
and cauſe it to move towards the lower. 


Cor. 6. If two different fluids ſuſtain one another at 


reſt, in two veſſels AB, CD. that communicate; their 


height above their place of meeting, will be reciprocally 
as their denſities or ſpecific gravities. 


Let the fluids join at C, and take the perpendicu- 
lar height of C, equal to that of IB. Then if 
the denſities of the fluids were equal, they would ſuſ- 
tain one another at the equal heights AB, Cz. There- 
fore that the preſſure of the other fluid may be the 
ſame at C; its height muſt be ſo much greater as the 
denſity is leſs; that is, CD: Ce or AB :: denſity of 
AB : denſity of CD. 


SCHOL. 
itions may be ea- 


; 
bp ſeveral tubes open 
ſome crooked, with 

their low ends turned in all directions = AB vs of => 

ral ſizes, regular and irregular t into a veſ- 
ſel of water to any depth ; and the water will riſe up 
to the height of the external ſurface of the water in 


The truth of the 


them all. But this js to be underſtood of ſuch tubes 


as are ſufficiently wide : For in capillary tubes im- 
merſed in a veſſel of water, it riſes ſomething above 
the level, and that to heights reciprocally as the dia- 
meters. Likewiſe — - 
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Set. IX. HYDROSTATICS. 
the height B in the capillary tube AB; it will be ſuſ- 


pended at the ſame height B, whilſt the of the 
tube at B remains the ſame, whatever be the figure or 
wideneſs of the under part CD. And the aſcent and 
ſuſpenſion of water is the very ſame in vacuo. The 
ſame holds for any other fluids; but different fluids 
riſe to different heights. But quickſilver, inſtead of 
aſcending in a tube, ſinks in it; and has its ſurface 
depreſſed below the common ſurface, to depths which 
are reciprocally as the diameters of the tubes. But the 
forces by which fluids are ſuf 


come under no hydroſtatic laws. 


PROP. LXXXIV. 


If a homogeneous body be immerſed in a fluid of the 
Same denſity with itſelf, it will remain at reſt in any 
place, and in any poſition. But a body of greater 
denſity than the fluid will fink to the bottom; and a 
body of leſſer denſity will riſe to the top. 


CASE I. 


Let the body EGF be immerſed in the fluid AD: 
Then ſince the body is of the ſame denſity as the flu- 
id; therefore the body will preſs the fluid under it 
Juſt as much as the ſame quãntity of the fluid put in 
its place. And therefore the preſſure of the body, to- 
2 with that of the fluid above it, preſſes the fluid 

low, as much as a column of the fluid of the ſame 
depth. Therefore the of the body at F againſt 
the fluid, is equal to the preſſure of the fluid at F againſt 
the body. And therefore theſe two n will re- 
main in equilibrio, and the body will be at reſt. 

CASE II. 

If che body is more denſe, the preſſure againſt the 

fluid underneath — ad 
3 tity 


pended in capillary tubes, 


FIG. | 
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HYDROSTATICS. 


tity of the fluid. Therefore the weight of the body 
will overcome the preſſure of the fluid under it, and 
it will fink. But if the body be lighter, the we 
ſure of the fluid will overcome the weight of the body 
and it will riſe to the top. 


Cor. 1. If ſeveral fluids of different denſities, be mixt 
together in the ſame veſſel; the heavieſt will get to the 
loweſt place, and the lighteſt to the top; and thoſe of a 
mean denſity, to the middle. And in any bodies what- 
ever, the beavieſt will be the howeſs. 


Cor. 2. Hence bodies p'aced in fluids have a two 
graxity, the one true and abſolute ;, the other apparent 
or relative. AMſe ute gradi is the force with which 
bodies tend dotntmAd: By this all ſorts of fluid bodies 
gravitaię in their proper places; and their weight taken 
together compoſe the weight of the whole : For the whole 
is heaty as may be experience in veſſels ful of liquor. 
Relative gravi:y is the exce's of the gravity of the body 
above that of the fluid. By thi, k:ad of gravity fluids 
do not pravitate in their proter places, thot is, they do 
not preponderate; but bindering ene another's de- 
ſcent, remain in the:r proper places as if . bey were not 
heavy. 


Cor. 3. Hence an irregular body, or one that is bete- 
rogeneous, deſcending in a fluid, or if it moie in any 
direction; and a line be drawn connecting the center 0 
gravity and center of magnitude of the bod” ; the nd, 
will ſo diipoſe itſelf, as to move in that lin-, and that 


the center of - gravity will go foremoſt, and the center of 
magnitud: behind. 


For there being more matter and lefs ſurface near 


the center of gravity, that part will be leſs reſiſted 
than near the center of magnitude ; therefore the cen- 
ter of magnitude will be more retarded than the cen- 
ter of gravity, and will be left behind. 


Cor. 


225 


Set. IX. HYDROSTATICS, 
Cor. 4. Hence no body can be at reſt within a fluid un- 
leſs it be of the ſame ſpecific gravity as the fluid. 


SCH OL. 


What is here ſaid of bodies of greater denſity ſink- 
ing in a fluid muſt be underſtood of ſuch as are ſolid. 
For if a body be hollow it may ſwim in a fluid of leſs 
denſity. But it the hollows or cavities be filled with 


the fluid, it will then fink. Likewiſe bodies of great- 


& ſpecific gravity, being reduced to extremely ſmall 
particles, may then be ſuſpended in the fluid. But 
the forces by which this is done belong not to any 
laws of Hydroſtatics. 


PR OP. LXXXV. 


Bodies immerſed i 1 and 4 in it, loſe the 
F 


For (by the laſt Prop.) if the body EF be of the 
ſame denſity as the fluid, it loſes all its weight; and 
neither endeavours to aſcend or deſcend. Therefore 


if it be lighter or heavier, it only endeavours to aſ- 


cend or deſcend with the difference of the weights 
of the body and the fluid : And has therefore loſt the 
weight of as much of the fluid. 


2 1. The fluid acquires the weight which the body 
E. 


For the ſum of the weights of the ſolid and fluid 
is the ſame, both before after emerſion. 


Cor. 2. All bodies of magnitude immerſed in a 
fluid, loſe equal weights et unequal bedies loſe weights 
proportional to their bulks 
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HYDROSTATICS. 


Cor. 3. The weights loft by immerging one and the ſame 
body in different fluids, are as the Tui of the fluids, 
or as their ſpecific gravities. 


Cor. 4. Hence alſo if two bodies of unequal bulks be in 
equilibrio in one fluid; they will loſe their equilibrium in 
another fluid, of different denſity. 


SCHOLIUM. 


Since a body immerſed in a fluid, loſes ſo much 
weight as that of an equal quantity of the fluid; 
therefore it tends downwards, only with the difference 
of theſe weights: And this is the relative gravity of 
the body in the fluid. But if the body is ſpecifically 
lighter than the fluid, it ſeems to loſe more weight 
than it has; and hence the body will tend upwards 


.with the difference of theſe weights. And this is the 


relative levity of the body in the fluid : Such as we 
ſee in feathers or ſmoke in the air, or cork in 
water. 


P R O P. LXXXVI. 


The weight of a ſolid body floating upon a fluid, is equal 
to the pug of 12 70 —4 of 1 fluid 0 big as ” 

8 of 1 cut / 1 

a 1 cut off by the plane of 


© For if the body be at reſt, the preſſure of the bo- 


1 fluid underneath is juſt the ſame as the 
preſſure of the fluid in the room of the immerſed 
part. And therefore the weight of one is equal to 


the weight of the other. 


Cor. 1. If the body be homogeneous the weight or may 


nitude of the floating body, is to the weight or magnitude 


of the part immerſed : : as the denſity or ſpecific gravity 
0 


Set. IX. HT DROSTAT ICS. 
1— is to the denſity or ſpecific gravity of the 


For the denſity of the fluid : denſity *. 9 
weight (of the fluid equal to the we hor 

the weight) of the whole body: weight o the i * 
merſed part. 


Cor. 2. If one and the ſame body foat or ſwim upon 
different liquids ; the immerſed part in each liquid will be 
reciprocally as their denfities. And therefore a body 
6 than in @ beavier. | 


PROP. LXXXVIL 


IF @ floating body AFBE, or ſyſtem of bodies, be at ref 
in a fluid, and D be the center of gravity of the 
whole body, and C the center of gravity of the fluid 
AFB to the immerſed part f the body : then 1 
ſay the line CD will be perpendicular to the horizon. 


For as C is the center of gravity of the fluid AFB, 
it is the center of all the forces or weights of the parts 
of the water in AFB, ing downwards ; but be- 
cauſe the body is at reſt, the ſame point C is alſo the 
center of all the preſſures of the fluid underneath 
tending upwards, by which the weight of the fluid 
AFB or I the body AFBE (equal to it by Pr. laſt) is 
ſuſtained. Therefore the ſum of all the forces tendi 
upwards to C, is P 
the forces ownwards from D, by Ax. 11. 
becauſe that preſſure ſuſtains the body. bat . 
of the body tending from D is icular to the 
horizon, therefore CD is perpendicular to the ho- 
rizon. 


K + 


water, 
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HYDROSTATICKS. 


mater, and be immerſed in it; the center ty will 
be the loweſt, and deſcend the foremoſt. 9 


PROP. LXXXVIII. 


If a fluid, confidered without weight, be incloſed in a 
veſſel and ſtrong y compreſſed on all fides ;, every part 


within it will be in the ſame compreſſed ſtate. 


For if any particle was leſs preſſed than another, 
the greater prefſure would move the fluid towards the 
leſs com part, till their compreſſion became 

w equal: And then the equal preſſures 
world billince tar exhthir cxtd remain bt reſt 


Cor. 1. Hence any ſoft body as GHI, wh:ſe parts can- 
not be condenſed ;, being immerſed in a fluid incloſed in a 
veſſel, and ſtrongly compreſſed on every fide; the body 
will yetain its figure, and ſuffer no change from the 
compreſſion of the ambient fluid. And all its parts will 
remain at reſt among themſelves, and in the ſame com- 
reſſed fate as the fluid. 


Cor. 2. The motion of any included body as E, or of 
any number of bodies, will not be at all changed by the 
at but will remain the ſame as be- 

are. 
For the compreſſion acti alike, can 
En 


Cor. 3. In an inflexible veſſel, @ fluid will not ſuſ- 
tain a ftronger preſſure on one fide than another ; but will 
give way to any exceſs of preſſure in a moment of time, 
and be reduced to an equality of preſſure. 


PROP. 


Set. IX. HT DRO STAT ICS. 


PROP, LXXXIX. 


If air or am elaſtic fluid of ſmall denſity, be wp in 
4. 4 every part of it will be in the ſame com- 
preſſed 


For let ABCD be a veſſel full of incloſed air; then 
the air at equal altitudes within the veſſel will be in 
the ſame ſtate of compreſſion, And the compreſſion 
in the bottom of the veſſel can only exceed that 
at the top, by the weight of + coins of ale of 
the height of the veſſel 4C, by Cor. 1. Pr. 82. But 
the weight of ſuch a column of air is inſenſible in re- 
ſpe of the external preſſure, or the preſſure of the 
height of the atmoſphere, And therefore the com- 
preſſion in every part of the veſſel may be looked 
upon to be the 


Cor, 1. In like manner the of the air in 


any two places near the earth's ſurface, is very nearly the 
ſame. 


For the difference is only the weight of a column 
of air, whoſe height is the difference of the heights of 
the two places; which is very inconſiderable. 


Cor. 2. If air be compreſſed in any veſſel by the 
ſure of the external air lac apap ber hk 
force and preſſure of the external air. X 


Cor. 3. The air does the , 
2 2 127405 by its E > nag 


For the ſpring or elaſticity of the air, is the force 


it exerts the force of compreſſion; and there- 
fore muſt be equal to it. 
SCHOL. 
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SC HOL. 


That the air is a heavy, elaſtic, compreſſible body 
is confirmed by many experiments made for that pur- 
poſe. Its properties are theſe. | 
1. The air has ſome, though a very ſmall degree 
of, weight; which is ſo ſmall that it hardly becomes 
ſenſible but in the weight of the whole atmoſphere, or 
body of air incloſing 


the carth. 

2. The air is an elaſtic fluid, and capable 2 
condenſed and rarefied. And when it is condenſ 
or forced into a leſs ſpace, its ſpring or the force it 
exerts to unbend itſelf, is proportional to the force 
that compreſſes it. And the ſpace any given quantity 
takes up, is reciprocally as the compreſſing force: or 
its elaſticity is as its denſity. 

3. All the air near the earth is in a compreſſed 
ſtate, by the weight of the atmoſphere or body of air 
above, which compreſſes it. And from hence the 
denſity of the air grows continually leſs, the higher 
it is above the ſurface of the earth. The weight of 
the atmoſphere at the ſurface of the earth, is at a me- 
dium about 14 lb. averd. upon every ſquare inch. But 
at different times it differs, by reaſon of winds, hot 
or cold weather, &c. But the height of the atmo- 
ſphere is uncertain, by reaſon it grows continually 
more rare towards the top, till it vaniſhes. The 


water eleven yards high. 

4. The ſpring or elaſticity of the air is encreaſed 
by heat, and d ed by cold; fo that if any quan- 
tity of air be incloſed in a veſſel, it will have a - 


of the atmoſphere is equal to the weight of 
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Set IX. HYDRO STAT ICs. 


PROP. XC. 


To. ind the ſpecific gravity of bodies. 
Casr I. 


If it be a ſolid body heavier than water ; weigh it 
exactly, firſt . 2 and then in water or ſome fluid 


whoſe a ty you know; and let 
olute weight of the body — Az 
The — in water, Sc. = B, 


The ſpecific ter, Sc. 
e arty Fre iy B. 


A 
then will D = —— C. the ſpecific gravity of the body. 


Case II. 


For a ſolid body lighter than water: Take 
r and ry i to a pece of the light bod, 
} fink i : And put- 


may 

ting 4, C, D as in Caſe 1, and 
E = weight of the metal in water, 

F = — nw; 


then PE- the ſpecific gravity of the light 
body. 


Cas III. 


For a fluid: Take a ſolid of known ſpecific 
gravity which will ſink in the fluid. And putting the 
fame letters as in Caſe 1. thes will C the 


”"F 
ſpecifi gravity of the fluid. | 


Or thus : 


a fink in the fluid = in 


* 


9 


. . Au ET en IE. eb oo 


x58 
7210. 


HTDROSTATICS. 
| A = abſolute weight of the body, 
B = its weight in water, 
133 
= gravity of water. 
Z = ſpecific of gravity of — required, 


But for mercury, «with wders, duſt, or ſmall 
8 you muſt uſe a glaſs or metal 
zobſerving to ballance its both in air and 
water. And for bodies that will diſſolve in water; 
them in oyl of turpentine inſtead of water. 
When the body is weighed in the fluid, it muſt be 
by a horſe hair, or a fine ſilk thread. Note, 
if che body and the fluid be near the ſame ſpecific gra- 
, 4 eee Gn. 
o demonſtrate the rules. it is evident (by Pt 
. Li loſes the 
of us mac Therefore in caſe 1, the weight 
X oa 6: But (by 
e In N 
antes of mater: . of the li 
in E= the 
body in water, (which is eie when Ei * 
than F); and the weight 9 
ter is 1 — KE or A+E— F, therefore (as in Caſe 
1.) it is A+ er And the rule is 
equally true whether D be lighter or heavier than 
water. 


In Caſe 3, fince D 270. therefore Cb. 


„ weight of as much 
water, and A—G= weight of as much 3 
And the ſpecific ities being as the weights of 


_——— the matter. Therefore 4—B 
re LI . . . Cor. 


Sea. IX. HT DRO STAT ICs. 


Cor. 1. Hence if a piece of metal or am ſort of mat- 
» ks a 0 Df of Find its ſpe- 
gravity by the rule above, which ſeek in the following 
2 be neareſt to it gives the name of the body, 


or what kind it is of, 
Cor. 2. And to find the 4 content Z., ſmall bd 
heavier than water. it in air and water, and 


the rrence of the weights reduced to grains, being di- 


by 256; the quotient is the cubic inches it con- 
tams. 


For a cubic inch of water weighs 25 6 grains. Ora 
cubic foot w weighs 76-41. troy, or 62: + lb. averdu- 
poiſe, which is but 254 grains to an inch. 


2 may be Found: — 7 2 Thus, put 
1 = 0.5275 Ounces troy or o. ounces averdupoiſe ; 
and D'= ſerif grevty of th bly, by the ullowing 
table. Then as 1 : D:: ſolid content in inches: weight 
in ounces ; and one being given, finds the other. 


For the weight of 2 cubic inch of water is .5275 or. 
troy, or .5787 oz. averdupoiſe. . 


A TABLE of the ſpecific gravities of bodies. 
SOLIDS. 


Fine 


gold 


Lead — - 
Fine Silver 


Copper — —ͤä —P 9.000 
Copper balf pence — 3.915 


Fine 


Cor. 3 . Henee alſo the jobdity of « body being known, | 


710. 
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HYDROSTAFICS. 


Human blood . | 1.054 
Sack — 1.033 
Urine — — 1.032 
Milk — — 1.031 
Sea- water — 1,030 
Serum of h. blood — - 1 03 
Ale — — — 1. 02 
Vinegar — — 1.026 
Common water — bo 4 
Diſtilled waters ——— 993 
Red wine — — 990 
Lintſeed oyl — 932 
Brandy —— —-- 927 
Oylolive — — gig 
Spirit of turpentine — 874 
Spirit of wine — 866 
Oyl of turpentine — - 
Common ar *\  ——— „012 


In this table you have- the mean ſpecific gravities. 
For For Wipe ſome difference in different pieces of the 
rr body; by reaſon of their different good- 
neſs fineneſs, compactneſs, texture, dryneſs, being 
more or leſs free from mixture, Sc. And ſometimes 
by a greater de ee of heat or cold, which affect all 
bodies a little. "rom whence there will ariſe a ſenſi- 
ble difference i in different parcels of the fame ſort of 
matter, in — all bodies, whether ſolid or fluid. 


PROP. XCl. 


The center of preſſure of ary plane ff ſtaining a fluid' aul ing 
ageinjt it, is the ſame as the center of percuſtan; ſup- 


Ping the axis of motion to be at the * of this 


Plane with ite e ſurface of the Fluid. 
This center of preſſure is that point 


inſt which 


a fqree being app a qual and conan? the whole 
ana! SS 


1 


i Ude 


N 


ich 
ole 
e 
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183 


preſſure; it will juſt ſuſtain it, ſo as the body preſſed 21d. 


on, will incline to neither fide. 


Let AF be the ſurface of the water, O the center 
of preſſure; draw AO; and parallel to AF, draw chd. 
Then the preſſure againſt any ſmall part cd, is as 
cd and the depth of the fluid, that is as cd x . And 
the force to turn the plane about O, is 4 x , 
or cd x Ab x AO -d And the fum ot them 
- * be equal to o. Therefore 

am of all cd xc 4:* | 1 
F— EF Hb ; and therefore (by Prop. 57.) O 


is the ſame as the center of percuſſion. 


| Cor. 1. The center bf preſſure, upon a plane parallel to 
the horizon, or upon any p oboe the drive © wat. 
form; is the ſame as the center Healy * that 


| For the preſſure acts pon every patty in the Lime 
manner as gravity | 


Cor. 2. The quantity ure upon any plane ſur- 
face; is equal to that of the ame plane, Placed parallel to 
the horizon, at the depth where its center of gravity is. 
WWW taken 
toget 


For the whole preſſure is as the ſum of all the 
d; and upon the whole figure placed at the 
center of gravity it is ABC x diſtance of the center of 
gravity from 4. But ( 
— 4 equal. And the 
Ae er the. fortece of tiny ra 


2 of all theſe — 


1 nor. 


Cor. 3. Pr. 44.) theſe | 
wy may be proved for — 


133i 


body is ſituated on 


HTI DROSTAT ICS. 
PROP, XCII. 


rl 


The center of equilibrium is the ſame with reſpect 
to bodies immerſed in a fluid, as the center of gravi- 
MU 
upon whic y or 

vil reft in any poſition. 


Let A, B, C, be three bodies, or the quantities of 
matter in them : p, g, r. their relative gravities in the 
fluid z 1 = adſolute gravity. Then pA, gB, C are 
the weights of A., B, C in the fluid. Let G be the 


center of equilibrium. Then, by the ſame reaſoning 
as in Prop. AA B,Cu 
pA x Aa + qB x BAC x Ce = Gy pdt gB EC 
the ſum of the forces or ts when ſituated in G. 


And e — 
its relative gravi WI negative. if an 
rance from it muſt be taken negative. 


Cor. If the body or bodies be homogeneous ; the cen- 


ter of equilibrium is the ſame as the center of gravity. 


SCHOL. 


The relative ity is found thus. Take the ſpe- 
cific gravity of the fluid from that of the body, anddi- 
vide the remainder by the s the body. 
And theſe ſpecific gravities are had by Pr. go. 


PROP. 


„ „ , ð en 


weights of the bodies in the fluid. 
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PROP. XCIIL 


If a ſyſtem of bodies oſcillate in a fluid without refitance ; 
to find the length of an iſocronal pendulum vibrating 


in Vacuo. 


Becauſe particles of different ſpecific gravities placed 
in any given point, will require differen times of — 
ing in the fluid ; therefore we muſt find the point where 


a particle of infinite denſity being placed will vibrate 


in the ſame time as the ſyſtem : and this will be the 
center of oſcillation, For this particle will loſe no- 
thing of its weight in the fluid ; its relative gravity be- 
ing ſame as the abſolute. Whence the vibrations 

this particle will be performed in the ſame time as 
in vacuo. | 

Let A, B, C be three bodies, or their quantities of 
matter z p, 9, v their relative gravities in the fluid; 
1 = abſolute gravity. Then p4, 43, rC are the 
Let G be the cen- 
ter of equilibrium: and O the center of oſcillation 
fought. Put 5s = Ax SA+ B XxX SB* + C x SC. 
Then (by the ſame reaſoning and conſtruction, as in 
Prop. 58.) the angular velocities which the bodies 


B,C generme in the ſyſtem are,— E, NE, 
, and the whole angular velocity generated 


$ | 
by them all, NEA. 
Likewiſe the angular velocity which the particle P, 
ſituated in O, generates in the ſyſtem is ec. or 
25 But their vibrations are performed alike : there- 
fore their 3 be equal. me 


- " » % © — — 
— 
— . 


HFTDROSGTATICS. 
SA Six rC _ Sr Js 


"T0: © TGx800 
Whence S0 = 8 hs : 
SG L 48d x IC * 


But (by Prop. 92.) —Se « pA + Sn 0 
= Sg xpA & therefore 

A x $4 + B X $B* + C x 5C* 
, ‚ aIt > ane 
an ifocrona! pendulum, out of the finid. 


Cor. 1. Hence if the bodies are homogeneonr, then 
A&A 5 B x Stn CN SC» pt 


men 7  - fd 


' Cor 2. The em makes an exceeding ſmall vibration in 
the fuld, at be ſame time that a ſimple pendulum whoſe 


4 FR 4. CX. 
ae gn <2 makes a vi 


I SGN 4 or 
iow in vacue. | 11 


++ Fot the 4 of the ſyſtem being very man, the 
„ is inconſiderable. 

© Gor, 3. Hitwat if 8-4 be the agil of a fonple pd 
(A), vibrating in a feuid : then is the longth of an 
i/-cronal Pendulum in vacuo. 


A. SA 
For in _— $0 = = FF #57 Ah 


« Cor. 4, Aud if ye. yy e, or the pendu'um; pci 
ca'ly 'i Ater than #8 fluid ; the pendulum will Ti 
7 * «or; "ad vibrate upwards in the fluid. hd 

{-nc1h of an iſocrenal pendulum out of the we. * be 


=, 4095 — 


* 


Þ | 2 bot — = 
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The center of percuſſion is the ſame in a fluid as 


out of it. For there is nothing concerned in that, 
but the quantities of matter and velocities: both 
which are the ſame in the fluid as out of it. 

The relative quantities p. 4, r are found by the 
Schol. of the laſt Prop. 


PROP. XCIV. 


Fa fluid runs through any tube, pipe, or canal, and al- 
ways fills it; it's velocity in any place wwill be recipro- 
cally as the ſefian in that place. | 


Let AB, CD be two ſections at A and C; and let 
the quantity of the fluid ABDC, in a very ſmall time, 
be tranſlated into the part abdc of the pipe. Draw Pp, 
XN to AB, CD or parallel to the mo- 
tion of the fluid: then Pp, 2g being indefinite- 
ly ſmall, will be the velocities of the fluid at P 
and 9, or the f deſcribed in that ſmall part of 


time. Then, uſe the pipe is always full, the 
quantity ADC = abdc. Take from both, the part 


abDC, which is common; and there remains AB 
CDac, that is the ſection 4B x Pp = ſection C 


* N. 


Cor. 1. The quantity of motion of the fluid in the pipe 
AD, at any ſection CD; is equal to the motion of a cy.;n- 
der of that fluid, whoſe baſe is CD, and length the ſame 
with the pipe from the beginning to that ſection, and ve- 
locity that of the fluid at CD. 


For fince the velocity in 4 is as If the motion 
M 4 * 


f 
[ 


Las hm. At — ———_ 
— 


F1G> . 
1.34» 
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rection NE, from w 


HYDROSTATICS. 
of Abe is Ag, that is as Pp. And the motion of 
the whole, is as the ſum of all the Pp, or the length 
of tus pipe; without any 2 


Cor. 2. The velecity and quantity of motion is the 
fame very near in irgoked tubes as in fireight ones; and 
in Pipes divided into ſeveral branches; taking the ſec- 
tion * the branches as the ſellion of one tube. 


PROP. XCV. 


Ia any.pipe whoſe ſeftiap is ACD, the freſs or force to 
10 ſplit any pari of the pipe at B, is * 
preſſure of the Suid upon the plane BD, drawn per 
pendicular to the curve in B, and of ibe ſame finds « as 


e gary Fee. 


A Er be any ſmall part of the ſurface; draw EO 
icular to the curve Ee. Draw EN, en, per- 
pendicular to BO, and er perp. to EN. And let OE 
repreſent the preſſure of a particle of the fluid, then 
EO x, Ee = preſſure upon Ee. The force OE may be 
divided into the- two ON, NE ; of which ON tends 
only. to ſplit the the tube at A, but that in direction 
NE is the force to ſeparate the parts at B. Therefore 
EN x Ee is the ſtreſs at B. But the triangles Eer, 
EON are fimilar. and Ze x EN = EO X er or EO x 
Nu. „ ad ward, preſſure on Ee, in di- 
the ſtreſs at B ariſes, is = 
EO x Nu, that is = to the preſſure upon the plane 
Nu. Conſequently the ſtreſs ariſing, from the preſſure 
on BE is = preſſure on BN, from the preſſure 
on Bis preſſure on BO. And the ſtreſs at D by 
the preſſure on AD, is equal to the preſſure on OD. 
Alſo we ſuppoſe the 12 forces acting in the ſe- 
micircle BCD : but cheſe ſerve only to keep the 
forces, acting upon BAD, 1 — 


.. 
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FIG, 
Cor. 1. e- of pie ful wer 135. 


is as the diameter of the pipe, 
beight of the water above that place. And conſequently 


the thickneſs of the metal ought to be in that ratio. 


Cir. 2. In any concave ſurface, caſt, or veſſel, gene- 
e Pins el 1 hl, he per 


apr 1h pen pau trogh equal to balf the 


the through its axis. And . 
on both ALA 
that plane. - | 


Gr. 3. Hae the jverndl graffre os lp bad of 
F 
2 X 31416, 7 1. | 


Cor. 4. Hence it follows, that the fireſs, arifing from 


any preſſure upon any part, to ſplit it 55 | 
tranſverſe'y, or in am direction, is equal to the preſſure 
a drawn ies, i equal te the prof 


Thus tbe ftreſs arifing 


ſure on BN. 


Cor. 5. And if the pipe be flexible; it will, by the 
preſſure, be put into a cylindrical form; or fuch that the 
ſeftion is a circle. 


For if BD be than AC, there will be 2 
greater preſſure in direction OA than in direction OB. 
And the will drive out the fides A and 

5 become equal to BD; and ABCD be a cir- 
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HYDROSTATICS. 
125 it . itſelf into N * 


PRO P. XVI. 


T. a d fexidle tube AB full of air be immerſed wholly 
er in part in the water CDEF, the force to fplit it, 


* * O, is 6 to AO, its beight from 


For the air compreſſed at A is in equilibrio with 
the external preſſure of the water. At B and O the 
air is in the ſame com ſtate as in A, but the 
external preſſure at B is leſs by the weight of the co- 
lumn of water AB : And at any place O, the exter- 
nal preſſure is leſs than in 4, by the weight of 40. 
therefore the internal preflure at O exceeds the exter- 
nal, by the weight of the column of water A. And 
the ftreſs at O is as that exceſs, 


Cr. i. The freſi is greateſt at the top BG, and at is 
not hing. | 


© Cor. 2. If the tube be inflexible , the ſtreſs will be 
according to the fate of the compreſſed air within it. If 
the air within be the ſame as the externa! air at B, then 
the ſtreſs at O is as BO. F it be leſs than. the external 
2 the increaſe of the ſtreſs will be aiſo as BO; atting 

outhde. If it be of very great denſity, the iacreaſe of 
treb at O is as AO. . 


Far thi pee ien hae: but without. it 
is as the depth of the water. 


PROP, 


Ject. IX. HYDROSTATICS. ' 


PROP. xcvn. 


ble ntity of a fluid flowing in any time through , a 
ein the boltam or fide of a veſſel, always 2 
val to 4 cylinder whoſe baſe is the area of the hele 
d is length the ſpace a bedy will deſcribe in that 


= with the veioci:y acquired by falling . 


bal, the beight of the aue abeve the hols. 


Let ADB be a veſſel of water, B the hole, and take 
BC.= BD the height of the water. And let the cy- 
linder of water BE fall by its wei 2 half DB, 
and it will by that fall. * uire ſuch a motion, as to 
pals through DA or BC — in the ſame time, 
by Cor. 3. Prop. 14. But (by Prop. 8 „and Cor. 2) 
the. water in the orifice B is preſſed with the weight of 
a column of water whoſe 2 — 
BC; therefore this preſſure is equal to the weight of 
the cylinder BC. But equal forces generate equal mo- 
tions. Therefore the preſſure at B, will generate the 
ſame motion in the ſpouting water, as was generated 
by the weight of the cylinder of water BC. Therefore 
in the o_ falling — DB, 2 yrs" 
Water W out, W (or pace 
8 over) is BC or BD. And in the fame 
ny re = another equal cylinder BC will flow 

and in a third on of ies ohh, &c.therefore 
the ength of the whole cylinder run out, will be pro- 
portional to the time, and 32 the velocity 
of the water at B is uniform refore in any time 
the length of a cylinder of water ing out, will be 
equal to the 3 deſcribed in that time, with the ve- 


lociy acquired by falling through half DB. 


Cor. 1. . 
8 the fluid runs out, ro a cylinder toboſe 
is the bole : and length, the beighs of the fiuid above 
the bole. Cor, 


21 


a 


172 HT DROSTATICES. 

Fi 

138. Cor. 2. The velocity in the hole B ts uniform, and is 
to that a beavy body acquires by falling through 

if DB. 


Cor. 3. But at a ſmall diſtance without the hole, the 
Aram is centrafted into a leſs diameter, and its velocity 
increaſed; ſo that if a fluid ſpout through a hole made in 
4 thin plate of metal, it acquires a velocity nearly © wry 
to that, which — acquires by falling the u 
beight of the ftagnant fluid above the bole. 


For ſince the fluid converges from all ſides towards 
the center of the hole BF; 1 icles en- 
deavouring to go on in right lines, meeting one 
ä hole, © they will O_o one . 
And this compre i where directed to 
the axis of the r. the parts of the 
fluid will endeavour to converge to a point, by which 
means the fluid will form itſelf into a ſort of a coni- 
ral figure at ſome diftance from the hole, as BEGF. 
By this lateral compreſſion, the particles near the fides 
ot the hole are made to defcribe curve lines as 
HE, KG; and by the direct compreſſion, the fluid 
from the hole is accelerated outwards at EG; and 
thus the ſtream will be contracted at E, in the ratio 
of about / 2 to 1, and the velocity increaſed in the 
' It muſt be obſerved however, that the particles of 
the fluid don't alway move right forward ; but near 
the hole, often in ſpiral lines. For no body can in- 
ſtantly change its courſe in an angle, but muſt do it 
gradually, in ſome curve line. 


Cor. 4. The flaid at the ſame depth, ſpouts out near- 
hy with the Jon: velocity, 272 downwards, 92 
Ways, or in any direi ion. if it ſpout vertically, aſ- 
eends nearly to the upper ſurface of the fluid. | | 


: $ C2 „ 3 


gect. IX. HYDROSTATICS. 


Cor. 5. The velociti the fluid, out at 
different depths, a 24. Lo = . 2. 


For the velocities of falling bodies are as the ſquare 
roots of the heights. 


Cor. 6. Hence if 5 = 16 Ur feet, D = b of the 
veſſel to the center of the hole, Cn hole, all 
in feet, t = time in ſeconds. Then the quantity of water 


running out in the time 2, by this Prop. will be e 
feet, or 6.128 FD. '2Ds ale gallons. 


SCHOL. 


There are ſeveral irregularities in ſpouti 
„ Cv air, the . e 
the tubes, the bi and the vel, or ofthe 
hole, &c. A fluid ſpouts through a thin 
plate; if it ſpout through a tube, pag aus 
it will not ſpout ſo far; party lrogn the ETON, Aa 
partly becauſe the ſtream * not converge ſo much, 

or grow ſmaller. A jet d'eau ſpouts higher, if ita 
drs tien be a little inclined . the icular ; 
becauſe the water in the uppermoſt part of the jet, falls 
down upon the lower part and ſtops its motion. We 
find by ere uts to che full 
height of the warer above the þ but in ſmall 
heights fall ſhort of it, 20 paces, Which are as the 
ſquares of the heights of the fluid. And all bodies 
projected up ers, fall ſhort of theſe projected in va- 
£06, by ſpaces which are in the fame ratio from the 
reſiſtance of the air. 
| *. experiments, if the height of a reſervoir be 5 

Due full an inch ſhort; ind the dg will 

be as of the height öf ché reſervoir. But 
Baal i f 0. r 
9 the air. | 


PROP. 


HYDROSTATICS. 


PROP, XCVIIL 


4 notch or ſlit, fgbi, in form r be 
wy cut of the fide of a veſſel full of water, ADE; 
the quantity of water flowing out of it, will be 5 the 


2 ity flowing out of an orifice, placed at the 
: IF or at the baſe, bi; in the ſame time. 
ry veſſe 


being ſuppoſed, to be always kept full. 


For draw the parabola, gob, whoſe axis is gi, and 
baſe bi, and ordinate ro; then ſince the velocity of the 
fluid at any place r, is as y/gr,, (by Cor 5. of the laſt 
Prop.) that is (by the nature of the parabola) as the 
ordinate 70 therefore 70 will repreſent the quantity 
diſcharged at the depth or ſection n. Alſo Bi will 
repreſent the quantity diſcharged at the depth or baſe 
br. r y the ſum — all = ordinates ra, or 
__ rr refent the quanti 

places A the ſuns of 
L rallelogram fgb:, 
vill reprefent the quantity diſcharge ged by all 1 
tions 77, placed as low as the baſe 2. But the para- 
bots is to the parallelogram, as 4 to 1. 


| Cor. I. 22 cmd xx feet. D= gi, 5220 of 

At. Fr areaof the ſit, fig. Then the quantit 

ing out in any time or number of ſeconds t. is=2 t 225 
This follows from Cor. 6. of the laſt Frop. 


| Cer. 2. The quantity of fluid diſcharged through the 
E. which would be biſcharged 
ax equal bole placed gs low as bi; as tbe para- 


eli rcbi, to the rel angle rubi. 
I "Pape be from the EIS in r, 


- bole r#bi, is to of 
through an 


SECT. X. 


The refiftance of fluids, their forces and 
u,, upon bodies; the motion 


ſhips, and J boition of their ſails. 


PROP. XCIX. 


A 45 endi uid, adds bt 
2 2 por to 2 "ons en l 


For -che refifizate is equal to the vity loſt 
22 And * i rate and reaction 2 
contrary grav the body is 
ul es that gained by 48 fluid. Tender 22 
ſiſtance is equal to the gravity gained by che fluid. 


4 1. Fa body aſcend in 4 fluid; it diminiſhes the 
avity of the fluid, by a quantity equal to the rafiſtanee 


it meets with. 


Cor. 2. This increaſe of weiyli avi/ng from the re- 
Stance, is ver ard bons the allditiena! eight mention- 
ed in Cor. 1. Prep. 85. 


— * # 9 @ . 7 
8 


3. Va heierogenous body deſcend in à fluid, it 


wil 47 4 to move with its center of ty foremoſt , 


4 the center of gravity of as much of the fluid, be- 


For 
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For the ſide towards the center of gravity, contains 
more matter, and will more eaſily make its way thro! 
the fluid ; and be leſs retarded in it. 

P 
| PROP. C 


1 moves through a fluid; the refiftance it meets 
4 22. the aw of its velocity. 


For the reſiſtance is as the number of particles 
ſtruck, and the velocity with which one particle is 
ſtruck. But the number of particles of the fluid which 
are ſtruck in any time, e 
Therefore the whole reſiſtance is as the ſquare of 


Cor. 1. The reſiſtances of fimilar bodies 


moving in any 


fluids, are as the ſquares of their diameters, the ſquares 


of their velocities, and the denſities of the fluids. 
woody Leong jay ſtruck are as the ſquares 
of the diameters, and the denſities of the fluids. 


Cor. 2. If two bodies A, B, with the ſame velocity 


aner with the refiftances 5 and q ; their velocities will be 
I I | 

AS — and 7 1 

oo T7" when they meet with equal refiſtances 


For let ö, r be the given velocity and reſiſtance; 
i 2 Then : x :: 


vv: r. And vv ©” , and ſince bandr are given, 


K* 


PROP, 


99 Fy' 


P. 


Sect. X. OF FLUIDS. 


Nor. d. 


The center of refiſtance of am plane moving directly for- 
ward in à fluid, is the ſame as the center of gra- 
vity. 


The center of reſiſtance is that point, to which if a 
contrary force be applied, it ſhall juſt ſuſtain the re- 
337 f 

Now ce 1s upon 0 
the plane, and — the ** 5 ho the 
plane after the ſame manner and with the ſame forces 
as gravity does; therefore the center of both the reſiſt- 
ance and gravity muſt be the ſame. 


Cor. 1. In any body moving thro* @ fluid; the line of 
direction of its motion will paſs through the center of rei- 
tance and center of gravity of the body. 


For if it do not, the forces ariſing from the weight 
and reſiſtance will not ballance one another, which 
will cauſe the to librate or oſcillate in the fluid; 
till by degrees the ſituation of theſe two centers will 
fall into the line of their motion. 


Cor. 2. And for the ſame reaſon; if a globe, moving 
in a fluid, ofcillates or turns reund its axis; that fide, 
which in oſcillating moves againſt the fluid, ſuffers a 
greater force or reſiſtance; and therefore the body is dri- 
ven from that part, and made to recede from that ſide 
and deflef? to the other fide ; and perhaps deſcribe @ curve 
line in the fluid. 


PROP. CIl. 


If a non tenacious fluid, ſuch as the wind, c. move againſt 
the ſail SA or any plane Jurface, in direttion WS 5 of 
— - 
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ſhall urge it in a direftion WA perpendicular to its 
ſurface, with a force, which is the ſquare of the ve- 
locity, the ſquare of the fine of the angle of incidence, the 
magnitude of the ſail, and the denſity of the of the fluid. 


Draw VA, AC perpendicular to A, ; and the 
force of the fluid upon SA, is as the force of one par- 
ticle, and the number of them falling on SA. 

But (by Cor. 1. Pr. 9.) the force of one particle is 
as its velocity x S. Incidence WSA. 

And the number of them (ſuppoſing the denſity to 
be given) is as their velocity x CA, or (ſuppoſing the 
ſail SA given) as the velocity S. SA. Therefore the 
force of the fluid upon the fail SA, is as the ſquare of 
the velocity and the ſquare of the ſine of WSA. 

Increaſe the denſity of the fluid, and the tude. 
of the fail, in any ratio; and it's evident the force of 
the fluid againſt the fail, will be increaſed in the fame 
ratio. 


Cor. 1. And if a thin body move in a fluid at reſt; 
the ſame law holds in reſpeft of the refitance it meets 
with in the direction perp. to its ſurface. 


Cor. 2. If a fluid with a given velocity move in di- 
rettioa WS, againſt the ſail SA its force to move the ſail 
in any given direction SB, is as the ſquare of the SWSA 
* by the S. ASB. And if WSB be @ right angle, as 
S.WSA X fine of twice WSA. 


For let SD, DB be to SA, SB. Then SD 
is the whole force acting at 8, and SB the force in 
direction SB, and SB is as S. SDB or ASB. And if 
ASB be the comp. of WSA, then S. MSA x coſ. WSA. 


is as S. twice WSA, by trigonometry. 


Cor. 3. The force of a fluid in direction WS, to move 
the ſail or body SA in the ſame direction V; is (ceteris 
paribus) as the cube of the fine of incidence M&A. 


For 


A 


m * — — 


Sect. X. OF FLUIDS, 
For then dB will be one continued ftreight line. 


Cor. 4. But the force of a given ſtream of a fluid, 
againſt any ſail SA, to move it p:rpendicular to its ſur- 
face, is fimply as the S. angle of incidence: But to move 
it in the ſame direction with itſelf ; as the ſquare of the 
S. incidence : all things elſe remaining the ſame. 


This follows from Cor. 1. Prop. IX. and Cor. 2. 
of this. 
| SCHOL. 


If the fluid be tenacious it will urge the body in 
the ſame direction with itſelf, and with a force which 
is as the ſine of incidence: or univerſally, as the ſine 
of incidence, the ſquare. of the velocity, the magni- 
tude of the fail, and denſity of the fluid. 

For by reaſon of the tenacity of the fluid, the fail 
is acted by both the forces VA, AS, which are equi- 
valent to HS. 


PROP. ClII. 


If a very thin and light body SA, plain on both fides, 
be placed in a very denſe fluid, which moves in direc- 
tion WS; and the body can make little or no way 
through the fluid, but only in the direction of its 
length SA. And if the body be obliged to move paral- 
lel 10 itſelf in à given direction SD. I ſay the body 
will be ſo moved in the fiuid, that its abſolute velocity 


. S. WIA . 2 
will be ; . 
be T7750 * velocity of the fluid 


Draw DT parallel to AS, and produce V to T. 
Then whilſt a part of the fluid moves from S to 7, the 
body will be moved into the line TD; and ſince SD 
is ꝶ’—à—?—?ͤ TIS GE the point $ will be found 

2 in 
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RESISTANCE 


in D. And therefore the velocities of the fluid, and 


of the body, will be as ST to SD; that is, as S. 7 DS 
or DSA, to 8.STD or A. 


Cor. 1. If WS the direction of the fluid, is perpendicu- 
lar to SD the direction of the body; then the veloctiy of 


44 SA will be = Tan. WSA X velocity of the 


. b 
For TD” an = Tan. Id, radius 


being = 1. 


Cor. 2. And hence if the body SA continually turn 
round an axis parallel to V; then the velocity of SA 
in direction perp. to WS, will be as the Tan.WSA X ve- 
hocity of the fluid. 


For SA. in this caſe will always have the ſame poſi- 
tion to the direction of the fluid, as before. 


Cor. 3. If a very thin body SA be obliged to move 
parallel to itſelf through a very denſe fluid at reſt ; and 
if it be drawn with a given velocity in direction always pa- 
rallel to SI. Its abſolute velocity in the fluid will be re- 
ciprocally as the coſ. WSA, and in direction SA. 


Draw AC perp. to . then by reaſon of the den- 
ſity and reſiſtance of the fluid, the body will not be 
able to move laterally, but only in direction SA. But 
the velocities of the point & in directions , SA, are 
as SC to SA, or as col. CSA to rad. therefore vel. in di- 


: radius 1 
rection dA ——— x vel. in direction . 


PROP. 


k 


Se. X. OF FLUIDS. 


P R O P. CIV. 


If a plane ſurface SA, moving parallel to itſelf, with 

5 — direction . be acted upon by a fluid 
moving with velocity and direftion WS. And if WF 
be drown parallel and equal to SD; and FS drawn. 
T ſay the fluid afis upon the plane in the angle FSA, 
with the relaiive velocity FS. 


For compleat the parallelogram F/SDF, and let 
the body be at reſt, and the fluid move with the con- 
trary motion DS or FI}, and then their relative mo- 
tions will be the ſame as before: And the fluid will 
have the two motions FF, FD in reſpect of the bo- 
dy SA at reſt. Therefore (by Cor. 2. Pr. 7.) the mo- 
tion compounded out of theſe is FS; which is the ab- 
ſolute motion of the fluid ſuppoſing the body at reſt ; 
or the relative motion of it, in reſpect of the moving 
body; and therefore acts on it in the angle FSA. 


Cor. If F fall in the line SA, then the fluid alis not ad 
all upon the body. And if it fall on the contrary fide of 
it; then the fluid acts on the contrary fide of the body SA. 


„0. 


Let $4 be the ſail of a ſhip, SD the poſition of the 
keel, SK, DK perpendicular to $4, SD. And if 
DE, DS be as the reſiſtances the ſhip has abead and 
aſide with equal velocilies: and if DC is à mean pro- 
portional between DE and DK, then SC will be the 
ay of the ſhip, nearly. 


For let SK perpendicular to SA repreſent the force 
of the wind upon the ſail. The force SK is reſolved 


into the forces SD, DK; SD is the direct force, _ 


N 3 
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DK the force producing her lee way. By Prop. 100, 

Her reſiſtance a head with velocity SD: refſt a a- 
head with vel. DE : : $D* : DEs, 

And reſiſt. ahead with vel. DE : reſiſt. aſide with 
vel. DE:: DE: SD, 

And reſiſt. aſide with vel. DE : reſiſt, aſide with 
vel. DC:: DE.: DC. 


There fore ex equo 


Reſiſt. ahead with vel. SD: reſiſt. aſide with vel. 
DC :: SD* x DEI: DE- x SDK DC* :: SD Xx DE: 
DCa. 

But the reſiſtances are as the forces p 8 
therefore SD : DK :: SD x DE : DC DEX DE. 


Cor. 1. Let r = ſhips reſiſtance abead, R = N — 
fiftance afide, with the ſame velocity. Then R: r : 
dius X cotan. ASD : tan. ſquare of DSC, the 6 


For let rad. = 1. tan. DSK = t. then 1: :: SD: 
DK = t x SD; and SD : DC or VDE Xx Dx or 
tx DE 


VixsSD x DE :: 1: tan. DSC r 


Cor. 2. Hence the tangent of the leeway, in the ſame 
ſhip, is as the the ſquare root of the cotangent of the 
angle ASD, which the /ail makes with the keel. There- 


fore if the leecvay be — for any poſition of the ſail, 
it wwill be known for all 


SCH OL. 


SG 


The leeway of a ſhip is generally ſomething more 
than is here aſſigned ; beca.ſe her hull and rigging will 


make FR drive a little to leeward, diretly m the 


PROP. 


Sect. X. OF FLUIDS. 


PROP. Cl. 
If the wind with a velocity, in direction WS, fall 
9 the ſail SA 0 « ho making little or no leeway ; 
it will urge the ſhip eftion of the keel SD, with 


a force which i is as 2 WSA* Xx S.ASD. 


Draw SC perpendicular to SA. and CD to SD. And 
(by Prop. 102.) the force afting upon the fail in di- 
rection SC is as the ſquare of the ſine of NSA. But 
the forces in directions SC and SD are as SC to SD, 
or as radius 1 to the ſine of SCD or ASD. Therefore 
the force in direction SD S. ASD x force in direction 
SC SS. ASD x Sa. WSA. 


Cor. 1. The force orce ating in direBlion DC perpendicular 
to the keel is as SW SA x cof. ASD. 


Cor. 2. The force in direction SD will be univerſally 


as .WSA* x S. ASD, and the qua * of the velocity of 
the wind, and magnitude of the ſai 


Cor. 3. The velocity of the ſhip in direftion SD, is as 
S.IWSA X \/S. ASD x velocity of the wind. 


For the ſquare of the velocity of the ſhip in any 
direction, is as the reſiſtance in the water, or (its 
equal) the force of the wind upon the ſail in that di- 
rection; that is (by Cor. 2.) as S.#FS$ x S. ASD, 
and the ſquare of the velocity of the wind. The den- 
ſity and fail being given. 


Cor. 4. Let the angle WSA be given. And if De 


be a ſemicircle deſcribed on any line SC; then the force 


in any direction SD of the keel, is as the card SD; and the 
velocity as SD. 
N4 Core 
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Cor. 5. The velocity of the ſhip to windward is as 
S. WSA XV. ASD X cof. WSD. 


For draw SP perp. to V, and DG to SP; and the 
velocities in directions D, GD are as SD to GD; or as 
radius 1 to S.DSG : therefore the velocity in GD = 
S. DSG x S.WSA X V. ASD. 


Cor. 6. The force of the ſail S. 4 to turn the ſhip about, 
is as SWSA* x coſ. ASD. , 


This appears by Cor. 1. ſuppoſing the ſail placed 
in the head of the ſhip. 


PROP, CVII. 


F a ftream of any fluid, as water, flows directly againſt 
any plane ſur face; its force againſt that plane, is 
to the weight of a column of the fluid, whoſe baſe is 
the ſeftion of the ſtream; and its b twice the 
height deſcended by a falling body, to acquire the velo- 
city of the fluid. | 
Let 5 = 16 Hr feet, the height deſcended by a fall- 
ing body in 1 ſecond. * 
© = velocity of the fluid, or the ſpace it de- 
cribes in one ſecond. 
B = baſe of the cylinder or column of water. 
Then 25 = velocity generated by gravity in falling 
through 5. therefore (by Cor. 1. r 


48:35: : vv: —= height fallen to gain the velo- 


city v. and — = twice that height. Allo — B= 
2 cylinder of twice that height. 


Now 


enn 
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Now the motion which the cylinder's weight will 10. 


; 6 vv 
generate in 1 ſecond is ** 2 or vv. the mo- 


tion being as the body x by the velocity. And the 
force of the fluid againſt the plane is equal to the re- 
ſiſtance of the plane. And the motion deſtroyed in 1 
ſecond by the reſiſtance of the plane is v BV or vvB; 
which was alſo the motion generated by the weight of 


the cylinder — B, in the ſame time. But equal 
forces in the ſame time generate or deſtroy equal 
motions. Therefore the weight of the cylinder — B 
= force of the fluid againſt the plane. 

Cor. 1. The force of a fiream of water againſt any 
Plane is equal to the weight of @ column of water, 
whoſe baſe is the ſefion of the ſtream, and height — 5 or 


the height of the water, if it flow through a hole at the 
bottom of a reſervoir. | 


Cor. 2. Moreover if any part of the water lye upon the 


Plane; the force will be augmented by the weight of 
fo much water. 


Cor. 3. The forces of different ſtreams of water again 
— plane, are as their ſectians and the ſquares of the v 
cities. 8 


Cor. 4. If the plane be alſo in motion; the relative 
velocity of the water againſt the plane, muſt be taken 
inſtead of the abſolute velocity. 

SCHOL. 


A cubic foot of water contains 6.128 ale gallons, 
46 LEMMA 


186 
FIG, 


147. 


148. 


RE SIS TAN CE. 


LEM M A. 


If the quadrant EDA revolve about the radius CA, 

deſcribe an bemiſphere z and from all the points of 

its ſurface, as D, d, perpendiculars DB, db, be let fall 

upon the baſe EC. I ſay the ſum of all the perpendicu- 

lars BD, in the ſurface EDA, is to the ſum of as many 
radii CD; as 1 to 2. 


For take Dd infinitely ſmall, and compleat the 
ſquare CAHN, and draw CH, alſo draw DFGR, dfgr 


5 — to EC. By the ſimilar triangles CDF, Dnd, 
FxDd = CD X nd; alſo BD = CF = FG. 


The ſurface of the ſpherical annulus DdfF is 3.1416x 
2DFx Dd or 3.1416X2CDXnd, that is (becauſe 3.1416 
* 2CD is given) as d or FH. And the ſum of all 
the BD's in the annulus is as BDx by its ſurface, that 
is as BD Xx H, or FG H. Therefore the ſum of 
all the BD's in the annulus is expreſſed by the area 
FfgG. And for the ſame reaſon, the ſum of as ma- 
ny radii, by FfrR. Therefore the ſum of all the 
BD in the hemiſphere : is to the ſum of as many ra- 
dii :: as the ſum of all the EH: to the ſum of all 
the F/7R :: that is as the triangle CA: to the ſquare 
CAHN, or as 1 to 2. 


PROP. CVIIL 


Fa cylinder moves uniformly forward, in direflion of 
its axis, in a fluid of the ſame denſity; it meets with 
a reſiſtance equal to the force wkich can generate its 
motion, in the time it deſcribes twice its length. 


Let AB be the cylinder moving from A towards 
G; and take FBCG equal to SBF. And let us firſt 


ſuppoſe that the cylinder 4B, whilſt it moves forward, 
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puſhes againſt the ſeveral parts of the fluid, and 210. 
drives them ſucceſſively before it, in direction of its 148. 
axis, from the ſeveral places through which it paſſes. 
So that in equal times it moves equal quantities of the q 
fluid, and communicates to them the ſame velocity 
that it moves with. It is evident that the cylinder, | 
after it has moved uniformly forward, the length of 
its axis, has removed the cylinder of the fluid FBCG | 
equal to itſelf ASBF, and has communicated a mo- | 
tion to it, equal to its own. And fince action and | 
reaction are equal, the force that uniformly generated | 
this motion, is equal to the uniform reſiſtance the cy- | 
linder ſuffered in the mean time. And therefore the 
reſiſtance is equal to the force by which its motion 
can be generated, in the time it deſcribes its length. 

All this is true upon ſuppoſition that every particle a 
of the fluid is driven di forward with the ſame 147 
velocity the cylinder has. But ſince in reality, the 
motion generated in the fluid is not directly forward, 
but (by Prop. 80.) diverges on all ſides, and in all 7. 2 
manner of directions CD, Cd, &c. therefore if the — 
quadrant AE be divided into an infinite number of 
equal parts, Dd, and to all the points D, d the ra- 
dii CD, Cad, &c. be drawn repreſenting the motions 
of the particles in all directions; and from any 
one D, the perpendicular DB be drawn on EC. Then 
the motion CD (= CA) is reſolved into the two mo- 
tions CB, BD; of which CB does not affect the cy- | 
linder; and the direct motion of the particle D is | 
only BD, which is leſs than CD. Therefore the force 
to generate this motion, and conſequently the reſiſ- 
tance of a particle at D (equal to this force) muſt be 
leſs than before in proportion of CD to BD. There- 
fore the former reſiſtance, when all the particles are 
driven directly forward; is to the reſiſtance when they 
dive on all ſides; as the ſum ot all the* radu 
CD, drawn to every point of the ſurface of a ſphere, 

| to the ſum of all the correſponding fines BD; that is 

3 (by the Lem.) as 2 to 1. Therefore the reſiſtance the 


| cylinder 


—_ ——... 
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F1G, Cylinder meets with now is but half the former reſiſ- 
147. tance. Conſequently, ſince the force to generate — 
148. motion is reciprocally as the time; the reſiſtance wi 

be equal to the force that can generate its motion, 
in the time that it deſcribes twice its length. 


Cor. 1. If a cylinder moves in direction of its axis, in 
148. a fluid of the ſame denſity, and with the velocity acquired 
falling in vacuo, from a height equal to its length : Ii 

meets with a reſiſtance equal to its weight. 


Forſthe force that generates its motion, in the time 


of its moving twice its length (or of falling through 
once its length), is its gravity. 


Cor. 2. If a cylinder moves uniformly ſorward in 
finid; its reſiſtance is to the force by which its whole 
motion may be generated, in the time of moving twice 
its length; as the denſity of the fluid, to the denſity of the 
linder. 


For if the denſity of the fluid be increaſed in any 
ratio; the reſiſtance will be increaſed in the ſame ra- 
tio. 


Cor. 3. The reſiſtance of a cylinder moving in am flu- 
id, is equal to the weight of a cylinder of that fluid, 
the ſame baſe, and its length equal to the height a 
falls in vacuo, to acquire its velocity. By Cor. 1. 


Cor. 4. Let s = 16 {+ feet, B= baſe of the cylinder, 

y = its velocity, or the ſpace deſcribed in 1 ſecond. They 

its refiſtance is = weight of the cylinder — B, of the 
p | 

S CH OL. 


If the cylinder move in a fluid incloſed in a veſſel; 
inſtead of the abſolute velocity, the relative velocity 
in 


- ES ˙ ⁰ wrong ona Tow MF. * 
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in the fluid muſt be taken, in order to find the re- x16, 


ſiſtance. And beſides if the veſſel] be narrow, the re- 
ſiſtance will be increaſed more or leſs, becauſe the 
fluid, being confined by the veſſel, cannot then diverge 
in all directions. And if it be ſo confined, that it cannot 
diverge at all, but is obliged to move directly forward; 
the reſiſtance then will be double; which is the teſt 
it can — have, or the utmoſt limit of its reſiſtance. 
Alſo by comparing the laſt Cor. with Cor. 1. Prop. 
107. it a that the force of a cylinder of water 
againſt a p is double the reſiſtance an equal cy- 
linder would meet with, moving in water with 
ſame velocity. And this will not appear ſt 


range, 
when we conſider that in the firſt caſe the whole mo- 


tion of the water is deſtroyed by the reſiſtance of the 
plane; but in the latter caſe, the water diverges every 
way from the moving cylinder, and does not par- 
take of its direct motion. But if the water was not 
ſuffered to diverge, but was driven directly forward 
with the motion of the cylinder, the reſiſtance would 
then be doubled ; and theſe two caſes would become 


the ſame. 
L E M M A. 


Tf the quadrant ADE revolve about the radius CA, 
and generate an hemiſphere; and on every point B of the 
baſe, perpendiculars BD be drawn. IT ſay the ſum of all 
the BD on the baſe, is to the ſum of as mafty CD®, as 
I 10 2. | 


Let DDr, CB x, BD=y, c=3.1416; then 
acx = circumference of BC. Then 
The ſum of all the rr: to ſum of all the yy, in the 
annulus Bb, is as 2cxX rr: 20X x:: 71x © Yx. 
And ſum of all the rr : ſum of all the yy in the 
hemiſphere, | 
Is as ſum r7rx x Bb : ſum yyx X Bb on the baſe z 
Or as ſum of 77x x B: ſum of rr — xx x x X Bb, 
Or as the the ſum of 77x x Bb : ſum rrx x Bb — 
ſum x* x Bb, in the baſe; : Bur 


1.9 
148, 


147- 


RESISTANCE: 
But the ſum of all the x x Bb = 
1+2+3+4&INtorxIi=77/7: 

And ſum of all the rrx x B. putting B i. 

Alſo the ſum of all the xX 

; 1 +23 +3 ＋4 &. tor X1=4r. 

Therefore the ſum of all the rr: ſum of all the yy, 
in the hemiſphere; is as 1“: 271 —-4 rf, or as 2 to 
2 chat is 2 to 1. 


+ See Ward's Math. Guide, Part V. 
PROP. CIX. 


If a globe move uniformly forward in 4 compreſſed infi- 
mite fluid; its refiſtance is to the force by which its 
whole motion may be deſtroyed or generated in the time 
of deſcribing 1 parts of its diameter; as the denſity of 
the fluid, to the denſity of the globe, very nearly. 


Let the globe move in the direction CA. Draw 
the tangent DH, and B DG parallel to CA; and GH 
icular to DH; and let GD be the force of a 
particle of the fluid againſt the baſe B, in direction 
GD: Then GH will be the force afting againſt D, 
in direction DC. And this force is to the force in di- 
rection GD as DC to DB. Whence the force againſt 
B, is to the ſorce againſt D, in direction GD, in a 
ratio compounded of GD to GH, and DC to DB; 
that is as DC to DBZ. Therefore the force of all 
the particles of the fluid, againſt the baſe, is to their 
force againſt the convex ſurtace; as the ſum of all the 
Des, to the ſum of all the DB on the baſe; that is 
(by the Lem.) as 2 to 1. Therefore the reſiſtance of 
the ſurface of the ſphere is but half the reſiſtance of 
the baſe, or of a cylinder of the ſame diameter. 
Now the globe is to the circumſcribing cylinder as 
to 3; and half of that force (which can all 
the motion of this cylinder, whilft it deſcribes 2 dia- 
meters) will deſtroy all its motion, ꝗ—̃— 
> 4 dia- 
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4 diameters. And therefore the ſame force that de- 210. 
ſtroys the cylinder's motion, in the time of moving 4 149. 


diameters, will deſtroy the globe's motion whilſt it 
moves 3 of this length, or 4 of its own diameter. 
But (by Cor. 2. Pr. 106.) hall the reſiſtance of the 
cylinder, that is the reſiſtance of the globe, is to this 
force; as the denſity of the fluid, to the denſity of 
the cylinder or globe. 


Cor. 1. The reſiſtance of a ſphere is but balf the re- 
fiſtance of a cylinder, of the ſame diameter. 


Cor. 2. The rehſtance of a globe moving in amy. flu d, 
is equal to the weight of a cylinder of that fiuid, of the 
[ame diameter; and its length equal to balf the height, 
through which a body falls in vacuo, to acquire the ve- 
locity of the globe. By Cor. 3. Pr. 108. 

Therefore if 5 = 16 fr feet, v = velocity of a globe, 
or the ſpace it moves in 1 ſecond; D = its diameter; then 
its refiſtance is equal to the weight of a cylinder of the 


fluid, of the ſame diameter D, and its length 7 Aud if 


922 +/=, its refiſtance is equal to the weight of 
an equal globe of the fluid. 


Cor. 3. The preateſt velocity a globe can obtain, by 
deſcending in a fluid z is that which it would acquire by 
falling in vacuo, through @ ſpace that is to ; the dia- 
meter; as the difference between the denſity of the globe 


1 is to the denſity of the 


For let G, F be the denſities of the globe and the 
fluid; D the diameter of the globe. Then ſince a 
globe is equal to a cylinder whoſe height is + D; 
theretore' the weight of the globe = weight of a 


4 


cylinder 


192 
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cylinder of the fluid, whoſe length is 3 DF. And 
(by Prop. 85.) the weight of the globe in the fluid is 
== weight of a cylinder of the fluid, whoſe length is 


zb. But (by Cor. 2.) the reſiſtance of the 


globe moving with the velocity acquired by falling 

. 8 G—F 

in vacuo through the height ? D x 

weight of a cylinder of the fluid whoſe length is 30 
G—F 


*. Therefore the weight of the globe in the 


fluid is equal to the reſiſtance: And conſequently it 
cannot accelerate the globe. 


And bence fo=4 e d. the refigance is 
equal to the weight of the globe in the fluid. 


Cor. 4. Two and homogeneous globes moving in 
i 4 in times that are reciprocally 


22 equal ſpaces ; and loſe a 


given part of their motions. 


For the motion loſt, in deſcribing two very ſmall 
equal | is as the reſiſtance and time; that is 
(Grands the 002 is adorn) as the of the ve- 
locity directly and the velocity in y; that is di- 
rectly as the velocity. And ſo in deſcribing any 
ſpaces, the motion loſt will always be as the firſt mo- 
tion; and the time reciprocally as the firſt velocity. 


For the velocity loſt in each, by deſcribing two 
| ſmall 
4 
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ſmall ſpaces proportional to the diameters ; will be as 1d. 
the reſiſtance and time directly, and the body inverſely ; 149. 


that is (becauſe the reſiſtance is as the ſquare of the 
diameter, and the time as the diameter) as the cube of 
the diameter directly, and the cube of the diameter in- 
verſely: Therefore the velocity loſt is equal in both. 


And the like for any ſucceeding correſpondent parts. 


SCHOLIUM. 


The reſiſtance of fluids is of three kinds. 1. Tena- 
city or Cobeſion of the parts of the liquor, which is 
the —_— which the particles of the fluid ſtick to- 
gether, cauſe them not to ſeparate eaſily; and 
this is the ſame for all velocities. 2. Fri#ton or atiri- 
tion where the of the fluid don t flide freely by 
one another; and this is as the velocity. 3. The 
denſity or quantity of matter to be removed; and this 
is as the ſquare of the velocity. The two former 
kinds are very ſmall in all fluids, except viſcid and 
glutinous ones: and upon this account the foregoing 
theory regards only the laft kind. And therefore 
the reſiſtance there deſcribed is the very leaſt the body 
can poſſibly nfeet with. But ſince all fluids have 
ſome ſmall ee of friction and tenacity, they will 
increaſe the reſiſtance a little. Alſo when the velo- 
City is very great; the compreſſion of the fluid ought 
to be ſo too, to cauſe the fluid to return with equal 
eaſe behind the moving body; and when this does 
not ha the reſiſtance is increaſed upon that ac- 
count. For a fluid yielding to a projectile, does not 
recede ad infinitum; but with à circular motion, 
comes round to the places which the body leaves. 
Likewiſe when bodies move in a ſtagnant fluid near 
the ſurface; the fluid cannot dilate itſelf upwards, to 
ve way to the moving body; and this will conſi- 
8 y increaſe the reſiſtance. Alſo if a body moves 
in a fluid incloſed in a veſſel; the relative velocity of 
the body in the fluid muſt 8 eſteemed its true velo- 

City. 
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"FIG. city. But the reſiſtance it meets with will be in- 
creaſed, becauſe the fluid has not liberty to diverge 
every way. And the ſtraiter the veſſel, the more is 
the reſiſtance increaſed ; and it may by this means 
be increaſed till it be near double; beyond which it 
cannot go. For all that a body can do is to drive 
the fluid wholly before it, without any diverging. So 
that the leaſt reſiſtance a globe can have is the ſame 
as is laid down in Cor. 2. of the laſt Prop. and the 

teſt can never exceed the double of it; ſo that 

it will always be between theſe limits. If the fluid 

in which the body moves be elaſtic and ſpring from 

the _ the reſiſtance will be greater than it it was 

non elaſtic. But theſe irregularities are not conſidered 
in the foregoing theory, 

There 22 that may be reckoned in a 
middle ſtate betwen ſolids and fluids. And in ſome 
of theſe the tenacity and friction is ſo great, as in 1 
many caſes far to exceed the reſiſtance ariſing from 
their denſity only. 

For example. It appears by experiments, that if a 
hard body be ſuf at ſeveral heights, and be let 1 
fall upon any ſubſtance, ſuch as tallow, ſoft | 
clay, wax, ſnow, Fc. it will make pits or impreſ- Þ|f 
fions, which are as the heights fallen, that is as the 
{ſquares of the velocities. Likewiſe nails give way to 
a hammer in a ratio which is as the ſquare of the ve- 
locity. Comparing this with Schol. Pr. 14. it , « 
pears that in theſe caſes, the reſiſtance is the ſame for 
all velocities : which argues a very great d of tena- 
city. Again, bodies projected into earth mixed with 
ſtones; the impreſſions are found to be between the 
ſimple and duplicate ratio of the velocities. There- 
fore in this caſe, the reſiſtance is in a leſs ratio than 
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Tenacity may be compared to the force of gravity, 
which is always the ſame ; with this difference, that 
tenacity acts always contrary to the motion of the bo- 
dy, and when the body is at reſt it is nothing. Attri- 
tion may be compared to the motion of a body ſtrik- 
ing always a given number of particles of matter in a 
given time, with any velocity ; and therefore the re- 
ſiſtance of ſuch a body will be as the velocity. 
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SECT. AI. 


Methods of communicating, directing, 
and regulating any motion in the 
practice of Mechanics. 


PROP. CL 


To communicate motion from one body to another, or from 
one place to another. | 


150. 1. The eaſieſt and ſimpleſt method of communicat- 
ing motion from one thing A to another B, is by a 
rope or a leaver AB, reaching between the two 
places, or things. 


151. 2. Motion is communicated from one wheel or 
roller DC to another AB, by a perpetual or end- 
leſs rope ABCD, going once or oftener about them : 
or if you will by a chain. That the rope ſlip not, 
make knots on it, and channels in the w if ne- 


ceſſary. 


152. 3. Motion is communicated from one wheel ABC, 
to another DEF; by the teeth in the two wheels 


working together. 


153. Or thus, where the axis of A having but one tooth; 


one revolution of it anſwers to the motion of only one 
tooth in B. | 


4 Mo- 
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4. Motion is communicated from one place to 
another, by one or more beams or leavers, MB, BC, 
SCE, EF, FH, &c. moveable about the centers A, 
SB, C, D, E, F, G; of which A, D, G, Sc. are fixt. 


moved; for MB, BC, CE, Sc. all move one another 
to the laſt, FH. 


5. Motion may alſo be communicated from A to 
, by a pinion at 4, and a ftreight ruler with teeth, 
#* which bite one another. 


PROP. CXIL. 
By help of one uniform motion given; to produce another, 


either uniform or accelerated. 


14 

1. A uniform motion is produced in the wheel 
WEF; by moving the wheel ABC uniformly, which 
Fcarries it. Alſo a uniform motion is -> door in 
heels moving by cards, as AB, CD: for one being 
. noved uniformly, moves the other alſo uniformly. 


2. The wheel BF may be made to move uniformly 
about the center C, by the motion of the wheel BD. 
On the baſe BF with the generating circle BD, de- 
cribe the epicycloidal tooth BE. Then the point B 
df the wheel AB, moving uniformly about the cen- 
er A, and paſſing over the tooth BE ; will move the 
heel BF uniformly, about C. Here the acting tooth 
B ought to be made crooked as A, that it touch 
ot the end E of the tooth BE, if it act on the con- 
Wave ſide. Or elſe the plane of the wheel BD muſt be 
iſed above the plane of BF, and a tcoth made at B 
bend down perpendicular to the plane of the wheel, 
40, to catch the tooth BE. | 

x O3 3- The 


! 
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Here if the point M be moved, the point H will be 


I 55. 
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3. The leaver AB may be made to move up and 
down with either a uniform or accelerated motion, 
after this manner. Let AE be a wheel whoſe axis is 
parallel to the leaver, and directly above it. Take 
any arch NA and divide it into any number of equal 
parts at 1, 2, 3, Sc. through which from the center 
O, draw Oa, Ob, Oc, Od. And make 12, 26, *3c, 
44, Sc. reſpectively equal to 1, 2, 3, 4 equal parts. 
And through the points N, a, 5, &c. draw the curve 
Nabcd. Then the part NdF being made of ſolid 
wood, and fixt to the wheel; and the wheel being 
turned uniformly about, in the order EN.A; the part 
NF will give a uniform motion to the leaver AB, 
about the center of motion C. And you may fix as 
many of theſe tecth to the wheel as you will. 

Again, in the tooth AD, if At, 12, 23, &c. be 
taken equal, and 14, 2b, 3c, 4d, c. be taken equal 
to 1, 4, 9, 16, Cc. equal ; and the curve 
A:bcd be drawn, and the tooth formed. Then the 
leaver will be moved with a uniformly accelerated 
motion. 

The accelerated motion is proper for lifting a given 
weight, at the end B, as a hammer; or for working 
a pump, by a chain going over the end B. 


4. The leaver AB, may alſo be moved thus, by 
help of a machine GFD, moving unitormly along 
GD. Make Hl, H right lines; and make as many 
ſuch teeth as you will; and theſe will give an uni- 
form motion to the leaver ; make the curves EFE all 
parabola's, equal and equidiſtant ; whole vertices are 
at F; and their baſes meet at E. And theſe will 
make the leaver riſe and tall with an accelerated mo- 
tion. Such parabolic teeth as thele may be placed on 
a wheel, whoſe axis is perpendicular to the horizon. 


5. One wheel may move another with an ac- 
celerative motion thus, On the circle or wheel EPs 
e 
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take Ea, ab, bc, &c. equal to each other. And on 
the wheel BD take Bi a very ſmall part; and 
I 3, 3 5» 5 7, &c. 3, 5, 7, &c. times Br. Sup- 
poſe the plane of the wheel EF to be extend- 
ed as far as the marks 1, 3, 5, 7, &c. then turn 
the wheel EF, till E fall an a; then mark the point 
1 on the plane of the wheel TF. Then turn EF till 
E comes to b; and mark the point 3 on the plane of 
the wheel EF. Likewiſe let E come to c, d, &c. 
and mark the points 5, 7, Sc. on the plane of the 
wheel EF; then E 1 3 5 7 r is the figure of the tooth 
of zhe wheel EF, which being uniformly moved, will 
move DB with an accelerative motion. 


PROP. CAL. 
To change the direction of any motion. 


1, The direction of motion may be changed, by 
the leaver of the firſt kind, for the two ends have op- 
polite motions. Likewiſe a bended leaver will change 
the direction to any other direction. 

2. The direction of motion may be changed by the 
help of pullies, with a rope going over them. Thus 
the direction AB is changed ſucceſſively into the di- 
rection BC, CD, DE, EF, FG. 

3. The direction may be changed by wheels whoſe 
axels are perpendicular to one another. Thus the di- 
rection AB is changed into the direction EF; by the 
wheel C working in the crownwheel D. 

4. The direction may be changed, by making the 
lantern B inclined in any given angle, to be moved by 
the coggs of the wheel A. Here the rungs at / where 
they work muſt be parrallel to the plane of rhe wheel 
A, or perpendicular to the coggs. The ſame thing 
may be done by wheels with teeth, as C, D. 
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REGULATING or MOTION. 
PROP. CXII. 


To regulate any moticn, or to make it aniferm. 


1. Any motion is made uniform, by help of a 
pendulum AB, ſuſpended at A and vibrating. As 
the pendulum vibrates, it cauſes CDE to vibrate alſo, 
about the axis DE. The weight I carries the wheel 
R, and R moves LF. Now whilſt the pendulum 
vibrates towards M, a tooth of the wheel GF 
off the pallat J. and another catches the pallat H; 
and when the pendulum returns towards N, it draws 
the pallat H off the tooth, and another catches the 

allat J; and ſo on alternately. So that at every vi- 
— of the pendulum, a tooth goes off one or o- 
ther of the pallats. 

2. A uniform motion is effected by the pendulum 
CP, vibrating in the arch NM about the center of 
motion C. As the pendulum vibrates it cauſes the 
piece ADE to vibrate along with it about the axis 
of motion DE. By this motion the leaf @ catches 
hold of a tooth of the horizontal wheel GE, in its go- 
ing; and the leaf 5 of another tooth, in returning. 
A wheel with a weight is applied to the pinion L, to 
keep the pendulum going. 

3. A pendulum may alſo be applied thus for the 


fame purpoſe. FG is a thick wheel, or rather a 


double wheel, whoſe axis is parallel to the horizon. 
P a pendulum vibrating upon the axis DE, which 
is parallel to the planes of the wheel F G. and 
two wings perpendicular to DE, and to nP. 1, 1,1 

ins in the rim G. and 2, 2, 2 pins in the rim F. 
Theſe plus are in the planes of the wheel; but not 
perp. to the circumference, but inclined in an angle 
of about 46 degrees; and the pins in one end are 
againſt the ſpaces in the other. 40 is parallel to the 
axis of the wheel FG, but neither in the ſame hori- 
zontal or perpendicular plane; but almoſt the radius 
of the whee! below, and ſomething more to one — 

| Whil 
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Whilſt the pendulum P vibrates in the arch MN, 
about the axis DE, the w1 
tooth in the end F; and when it returns the wing 5 
catches hold of a tooth in the end G. Thus the pins 
acting alternately againſt the wings a, #5, keep the 
pendulum going by help of the weight . 

4. A ſteady motion is continued by applying the 
heavy wheel ABC, to the machine: or the croſs bar 
DE foaded with two equal weights at D and E. Or 
a cylinder of ſome * may be applied: be- 
ing made to revolve about its axis. By theſe the 
force of the power, which would be loſt, is kept in 
the wheel, and is equally diſtributed in all parts of 
the revolution. Such a wheel is of great uſe in ſuch 
machines as a& with unequal force at different times 
or in different parts of a revolution. For by its 
weight it conſtantly goes on at the ſame rate, and 


makes the motion uniform and every where equal. 


By reaſon of its weight a little variation of force will 
not ſenſibly alter its motion: And its friction, and 
the reſiſtance of the air will hinder it from acceleratirg, 
If the machine ſlackens its motion, it will help it for- 
ward ; if it tends to move too faſt, it will keep it back. 

Every ſuch regulating wheel ought to be fixt up- 
on that axis, where the motion is ſwifteſt. And 
ought to be the heavier, the {lower it is deſigned to 
move; and the lighter, the ſwifter the motion is. 
And in all cafes the center of motion muſt be in the 
center of gravity of the wheel. And the axis may 
be placed parallel to the horizon as well as perpendi- 
cular to it. 

If the machine be large, and the axis of the heavy 
wheel be perp. to the horizon ; the heavy wheel may 
be made to roll on the ground round that axis; by 
putting the wheel upon another axis fixt in the for- 
mer at right angles to it; and thus the weight is taken 
off the firſt axis. And two ſuch wheels may be ap- 
plied on oppoſite ſides. 

. Any ſwift motion may be moderated by a fly 
AB, moveable about the axis CD. This is made 
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thin metal; at « is a ſpring to keep the axis and fly 
pretty ſtiff together. This bridles the rapidity of 
the motion of the machine to which it is applied, by 
reaſon of its great reſiſtance in the air ; and therefore 
it hinders the motion from accelerating beyond a 
certain degree. This fort of fly is uſed in clocks, 
and is uſeful in any motion that requires to ſtop, or 
move a contrary way. 

None of theſe regulating wheels or flyez add any new 


wer to the machine; but rather retard the moticn 
by their friction and reſiſtance. 


PK O ©. U. 


To deſcribe ſeveral ſorts of knots. 


As ropes are made uſe of in ſeveral ſorts of ma- 
chincs, and eſpecially aboard of ſhips, it is proper for 
a mechanic to know how to tye them. Therefore 
I ſhall here deſcribe ſeveral forts of them. Not ſo much 
to teach how to tye them, as to ſhew the form they 
appear in, when th:y are tied. For the method of 
tying them is beſt learned from thoſe that can tye them 
already. 

1. Athumbknot. This is the fimpleſt of all; and isuſed 
to tye at the end of a rope, to hinder its opening out. 
Alſo it is uſed by tailors at the end of their thread. 


2. A loop kno!, this is uſed to join pieces of ropes to 


| gether. 


3. A draw kno, is the ſame as the laſt ; only one (or 
both) of the ends returns the ſame way back, as abcde. 
By pulling at @ the part cd comes thro”, and the knot 
is looſed. 


4. A ring knot. This ſerves alſo to join pieces of rope 
together. 

5. Another knot for tying ropes together. This is 
made uſe of when any rope is often to be looſed. 

6. Arunniug knot to draw any thing cloſe. By pulling 
at the end a, the rope is drawn thro' the loop 6b, and the 
part cd is drawn cloſe about a beam, &c. 


7. Another 


Set, XI. TYING KNOTS. 


7. Another knot, to tye any thing to a poſt ; here the p1 6. 


end may be put as oft as you will. 

8. Avery ſmall knot. There is a thumb knot made at 
the end of each piece; and the end of the other is to go 
thro? it. Thus the rope ac runs thro? the loop d, and hd, 
thro? c. And then drawn cloſe by pulling at @ and 5. If 
the ends e, f, be drawn, the knot will be looſed again. 

9. Aber s knot, or water knot. This is the ſame as 
the 4th. only the ends are to be put twice thro'the ring, 
which in that was but once; and then drawn cloſe. 

10. A maſhing knot for nets; and is to be drawn cloſe. 

11. Abarber's knot, or a knot for cauls of wigs. This 
muſt be drawn cloſe. 

12. A bowline knot. When this is drawn cloſe it 
makes a loop that will not ſlip, as fig R. This ſerves 
to hitch over any thing. | | 

13. Awale knot is made with three ſtrands of a rope 
ſo that it cannot ſlip. When the rope is put through 
a hole, this knot keeps it from ſlipping through, it 
is repreſented at & fig. 193. If the three ſtrands are 
wrought round once or twice more after the ſame 
manner; it is called crowning. By this means the 
knot is made bigger and ſtronger. A thumb knot 
art. 1. may be applied to the ſame uſe as this. 
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SECT. XII. 


The powers and properties of compound 
engines; of forces acting within the 
machine; of friction. 


PROP. CXV. 


In any compounded machine, if ihe power and weight 
keep the machine and its parts in equilibrio. Then 
the power is to the weight, in the compound ratio of 


the power to the weight in every ſimple machine, of 
which the whole is compoſed. 


For let the compound machine be divided into all 
its ſimple mechanic powers; and in the firſt let tne 
power be to the weight as A to B. Then conſiderin 
the weight B in the firſt, as the power in the ſecond, 
to which it is equal (by Ax. 3.); let that power in the 
ſecond machine, be to the weight as B ro C. Then 
ex equo, the firſt power A is to the ſecond weight at 
C; in the compound ratio of AroBaad BtoC. In 
like manner it the weight in the ſecond be taken for 
the power in the third, and this power be to the 
weight as C to D; then the firſt power A is to the laſt 
weight D. in the compound ratio of A to B, B to C, 
and Cru D. nd to on through the wile. 


Cor. In any machine compoſed of tobeels; the power is 
to the weight; i: the compound ratio of the diameter of 
the axle where the weight is apglied, to the diameter of 

that 
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that wbere the power is applied; and the number of 
teeth in the pinion of each axis, beginning at the power, 
to the number of teeth in each whee ther work in, till 
you come at the weight. 


Or inſtead of the teeth you may take their diameters. 


PROP. * 


If the 4 weight be in equilibrio on any machine ; 
put in motion, the velocity of the weigbt will 


they 
L Kept mots, the = how © ih 
weight. 


For ſince are in equilibrio; one of them 
cannot of itſelf move the other ; therefore if they be 
put into motion, the momentum or quantity of mo- 
tion of the weight, will be equal to that of the power 
and therefore their velocities will be reciprocally — 
quantities. 


Cor. 1. Hence it follows, that if any wweight is moved 


by beip of a machine ; what is gained — is loſt in 
time. 


For in whatever proportion the power is leſs than 


the weight; in the ſame proportion will the weight 
be ſlower than the power. 


Cor. 2. Hence the motion of the weight is nct at all 
increaſed by any engine, or mechanical inſtrument; on!y 
the velocity of the weight is ſo much diminiſhed thereby ; 
that the quantity of motion of the weight may not exceed 
the quantity of motion of the power. And therefore it is 
a vain fancy for any one to think that be can move a great 
weight with a little power, and with the ſame velocity as 
with a greater power. 


For the advantage gained by the power is a by 
th 
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F1G, the velocity. If any power is able to raiſe a 


182. 


with a given velocity; it is impoſſible by the help of 
any machine whatever that the ſame power can raiſe 
two pounds with the ſame velocity. Yet it may, — 
help of a machine, be made to raiſe two $ Wit 
half that velocity; or even 1000 pounds with the 
thouſandth part of the velocity. But ſtill there is no 
greater quantity of motion produced when 1000 
weight is moved, _ I * The 
1000 pounds being proporti ſlower. The power 
and uſe of machines conſiſts SG is ths, ts by 
their means the velocity of the weight may be dimi- 
niſhed at pleaſure, ſo that a given weight may be 
moved with a given power; or that with a given force 
any given reſiſtance may be overcome. Mechanic 
inſ ts being only the means whereby one body 
communicates motion to another: And not deſigned 
to produce a motion that had no exiſtence before. 


Cor. 3. Hence alſo it is plain, that a given power or 
quantity of force, applied to move a heavy body by belp 
of a machine, can produce no greater quantity of motion 
in that body, than if that force was immediately applied 
to the body itſelf. Nor not quite ſo much, by reaſon of 
the friction and reſiſtance of the engine. And if the 
power be given, you may chooſe whether you will move a 
greater weight with a leſs velocity, or a leſs weight with 
a greater velocity. But to do both is utterly repugnant 
to the eternal laws of nature. 


PROP. CXVII. 


If any machine CD is to be moved by the belp of leavers, 
wheels, c. And if the power that moves it, alls in- 
tirely within the machine, and exerts its force againſt 
ſome external object B. Then the force applied with- 
in, to move the machine, will be juſt the ſame as if 
the machine was at reft, and the object B was to be 

4 moved 
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moved. Suppoſing B to be as eafily moved as the ma- 
chine. 


For ſuppoſe firſt, the leaver AFB to be fixt, and 
to make a part of the machine; and let the external 
force acting at B. which is capable to move the ma- 
chine, be 1. Now ſuppoſe the leaver AFB, move- 
able about F; and a force applied at 4, fo great, as 
to act at B with the force 1. Then the action and re- 
action at B being the ſame as before; it is plain the 
machine will be moved as before. But the now 
ating at Ais >, x 23 juſt the ſame as if the point 
F was fixed, and B was to be moved. And if more 
leavers, or any number of wheels be added, the thing 
will {till be the fame. b 0 


Otherwiſe. 


Let the abſolute force to move the machine be 1, 
and the force acting at A be f; and let us firſt conſi- 


fixt is the fulcrum ; therefore the force acting at F is 


42 „,. Now if the ating force beconſidered in the 


FB | 
machine, it will not be urged forward with all this 
force, for the reaction will be equal to , the power at 
A. 1 = 2 the abſolute force the machine is moved 
PT AB—EFB . AF 
ith, is — x f— = 
with, is x f—f or FR * chat is T x J. 
but this is 1, therefore f = 7x I. 


Cor. 1. Hence if the abſolute external force, to move 
any body or machine, be given; and the machine is to 
be moved by an internal power : That power may be 


a 


der it as acting out of the machine. Then B being 


ſuppoſing the machine at reſt, and the _ 
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110. nal abel B was to be removed, and to require the ſeme 


abſolute force ro move it. 


For it is the ſame thing, as to the power, whether 
the machine, or the external object be moved, whilſt 
the other is at reſt. 


Cor. 2. If the power atting within the machine, be 
not communicated to ſome external objef, it will have no 


force at all to move the machine. And any force that 


both begins and ends within it, does nothing at all to 
move it. 


For the power acting only againſt ſome part of the 
machine, will be deſtroyed by the contrary and equal 
reaction And the body being acted cn by thoſe equal 
and contrary forces will not be moved at all. Thus 
if a man ſitting in the head of a boat, pull the ſtern 
towards him, by a rope; the boat will not be moved 
at all out of its place, by that force. 


PROP, CXVIII. 


To determine the friftion, and other irregularities in me- 
chanical engines. 


The propoſitions hitherto laid down, ſuppoſe all 
PPO 
bodies perfectly ſmooth, that they ſlide over one ano- 
ther without any friction, and move freely without 
any reſiſtance. But ſince there is no ſuch thing as 
perfect ſmoothneſs in bodies; therefore in rubbing 
againſt one another they meet with more or leſs fric- 
tion according to their roughneſs ; and in moving in 
any 2 will be reſiſted according to the denſi- 
ty of the medium. Even ro ing over pullies 
cannot be bended without fas Re. 4 * 
Among machines, ſome have a great deal more 
friction than others, and ſome very little. Thus a 


pendulum 
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ndulum has little or no friction, but what ariſes 
from the reſiſtance of the air. But a carriage has a 
great deal of friction. For upon plain ground a load- 
ed cart requires the ſtrength of ſeveral horſes to draw 
it along: and all or moſt of this force is owing to its 
friction. All compounded machines have a great deal 
of friction, and ſo much the more as they conſiſt of 
more parts that rub againſt one another. And there 
is great variety in ſeveral forts of bodies, as to the 
quantity of friction they have, and even in the ſame 
bodies under different circumſtances: Upon which 
account it will be impoſiible to give any ſtanding 
rules, by which its quantity can be exactly determin- 
ed. All we can do is to lay down ſuch particular 
rules as have been deduced from experiments made 
upon particular bodies; which rules will require ſome 
variation under different circumſtances ; according to 


the judgment and experience of the artiſt. 


1. Wood and all metals when oyled or greaſed 
have nearly the ſame friction. And the ſmoother 
they are, the leſs friction they have. Yet metals may 
be ſo far poliſhed as to increaſe friction by the cohe- 


ſion of their parts. 


Wood ſlides eaſier upon the ground in wet weather 
than in dry; and eaſier than iron in dry weather. Eur 
iron ſlides eaſier than wood in wet weather. Lead 
makes a great deal of reſiſtance. Iron or ſteel runni 
in braſs, makes the leaſt friction of any. In w 
—_ againſt wood, greaſe makes the motion twice 
as caly, or rather +5 caſter. Wheel naves greaſed or 

go four times eaſier than when wet. 
Metals oyled makes the friction leſs than when po- 
liſhed, and twice as little as when unpoliſhed. 

In general, the ſofter or rougher the bodies, the 
greater is their friction. 


2. As to particular caſes: A cubic piece of ſoft 
wood of eight pound weight, moving upon a ſmooth 
plane of ſoft wood, at rate of three e per ſe- 

P cond z 
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10. cond; its friction is about ; the weight of it. But if 


meter; requires a force of 1 1b. to 


it 05 rough, the friction is little leſs than half the 
weight. 
Upon the ſame ſuppoſition, other ſoft wood upon 
ſoft wood very ſmooth ; the friction is about + the 
weight. 
Soft wood upon hard or hard upon ſoft, + or ; the 
weight. 
Hard wood upon hard wood, + or + the weight. 
Poliſhed 2 on ſteel or pewter, + the 
ban, +> moving on copper or lead, + the weight : 
on braſs g; the weight. Metals of the ſame fort 
have more friction, than different ſorts . 
The friction, ceteris paribus, increaſes with the 
weight, almoſt in the ſame proportion. The friction 
15 alſo greater with a greater velocity, but not in pro- 
ion to it, except in very few caſes. A greater 
urface alſo cauſes ſomething more friction, with the 
ſame weight and velocity. Yet friction may ſome- 
times be increaſed, by having too little ſurtace to 
move on: as upon clay, Sc. where the body ſinks. 


3. The friction ariſing from the bending of ropes 
about machines, differs according to their ſtiffneſs, 
the temper ot the weather, degree of flexibility, c. 
but ceteris paribus, the force or difficulty of bending 
a rope is as the ſquare of the diameter of the rope, 
and its tenſion, directly; and the diameter of the cy- 
linder or pulley, it goes about reciprocally. 

A rope of 1 inch diameter, whoſe tenſion, or weight 
drawing it, is 5 lb. going over a 3 inches dia- 
Ic. 


4. The reſiſtance of a plane moving through a flu- 
id, is as the ſquare of the velocity: And (putting v= 
velocity in feet, in a ſecond, ) it is equal to the weight 
of a column of the fluid, whoſe is the plane, 
and height 7—, And in a globe it is but half fo 


much. 5. The 
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5. The friction of a fluid running through a tube is 
as the velocity and diameter of the tube. 

But the friction is greater in reſpect to the quan- 
tity of the fluid, in ſmall tubes, than in large ones; 
and that reciprocally as their diameters. But the ab- 
ſolute quantity of the friction in tubes, is but very 
ſmall, except the velocity be very great, and the tube 
very long. 

But if a pipe be divided into ſeveral leſſer ones, 
whoſe number is n; the reſiſtance ariſing from the 
friction will be increaſed as Vn. For the area of the 


ſection of any one pipe, will be 2, and the friction 


being as the circumference will be as —- 3 and there- 


fore the friction in all of them, will be 2 or as 
yn. 


6. As to the mechaaic + The ſingle leaver 
makes no reſiſtance by friftion. But if by the motion 
of the leaver in lifting, the fulcrum or place of ſup- 
port be changed further from the weight; the power 
will be decreaſed thereby. 


7. In any wheel of any machine, running upon an 
axin; the fQion 0n te axe is as the weight upon i 
diameter axis, the angular velocity. 
This ſort of friction is but ſmall. 0 


8. In the pulley, if p, g, be two weights, and q the 
greater; and f A then is the weight 
upon the axis of the ſingle pulley. And it is not in- 
creaſed by the acceleration of the weight 4, but re- 


mains always the ſame. 
The friction of the 3 is very conſiderable, 
2 when 
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10. hen the ſheaves rub againſt the blocks; and by the 


wearing of the holes and axels. 

The friction on the axis of the pulley is as the weight 
V, its angular velocity, the diameter of the axis di- 
rectly, and the diameter of the pulley inverſly. A 
power of 100 lb with the addition of 50 lb. will but 
draw up 300 lb. with a tacle of 5. 
_ 15 lb. over a fingle pulley will draw up only 
14 Ib. 


9. In the ſcrew, there is a great deal of friction. 
Thoſe with ſharp threads have more friction than 
thoſe with ſquare threads. And endleſs ſcrews have 
more than either. Screws with a ſquare thread 
raiſe : weight with more eaſe than thoſe with a ſharp 
thread. 

In the common ſcrew the friction is ſo great that it will 
ſuſtain the weight in any poſition given, when the 
power 15 taken off. And therefore the friction is at leaſt 
equal to the power. From whence it will follow, that 
in the ſcrew. 

The power muſt be to the weight or reſiſtance ; at 
leaſt as twice the perp. height of a thread, to the cir- 
cumference deſcribed by one revolution of the power; 
if it be able to raiſe the weight, or only fuſtain it. 
This friction of the ſcrew is of great uſe, as it ſerves 
to keep the weight in any given poſition. 


10. In the wedge, the friction is at leaſt equal to 
the power, as it retains any poſition it is driven into. 
Iherefore in the wedge, 

The power, muſt be to the weight; at leaſt as 


twice the baſe, to the height; to overcome any re- 
ſiſtance. 


11. To find the friction of any engine, begin at 
the power, and conſider the velocity and the weight 
at the firſt rubbing part; and eltimate its quentity 
of friction, by ſome of the foregoing articles. Then 
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1 to the next rubbing part, and do the ſame 710. 


or it. And ſo on through the whole. | 
And note fomething more is to be allowed for in- 
creaſe of friction, by every new addition ta the 


power. 


Cor. Hence will appear the difficulty or rather impof- 


Ability of a. perpetual motion; or ſuch a nidtion as is to 
continue the ſame for ever, or at leaſt as long as the ma- 


terial. will laſt, that compoſe the mod ing machine. 


For ſuch a motion as this ought continually to re- 
turn undiminiſhed, notwithſtanding any reſiſtance it 
meets with, which is impoſſible. For although any 
body once put into motion, and moving freely with- 
out any reſiſtance, or any external retarding force act- 
ing upon it, would for ever retain that motion. Yet 
in fact we are certain, that no body or machine can 
move at all, without ſome degree of friction and re- 
ſiſtance. And therefore it muſt follow, that from 
the reſiſtance of the medium, and the friction of the 
parts of the machine upon one another, its motion 
will gradually decay, till ar laſt all the motion is de- 
ſtroyed, and the machine is at reſt. Nor can this be 
otherwiſe. except ſome new active force, equal to 
all its reſiſtance, adds a new motion to it. But that 
cannot be from the body or machine itſelf ; for then 
the body could move itſelf, or be the cauſe of its own 
motion, which is abſurd. 


PROP. CXIX. 


To contrive a proper machine that ſhall me a given 
weight with a given power; or with à given quanti- 
ty of force, ſhall overcome any other given reſiſtance. 


If the given power is not able to overcome the 
given re when directly applied, that is, when 
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110. the power applied is leſs than the weight or reſiſtance 


given; then the thing is to be performed by the help 
of a machine made with leavers, wheels, 
ſcrews, &c. ſo adjuſted that when the weight and 
r are put in motion on the machine; the ve- 
ocity of the power may be at leaſt ſo much greater 
than that of the weight, as the weight and friction of 
the machine, taken together; is than the 
power. For on this principle the mechaniſm 
or contrivance of mechanical engines uſed to draw 
or raiſe heavy bodies, or overcome any other force. 
The whole deſign of theſe, being to give ſuch a ve- 


locity to the power in reſpect of the weight; as that 
wer may exceed the mo- 


the momentum of the 
weight. 
trived, that the velocities of the agent and reſiſtant, 
are reciprocally as their forces; the agent will juſt 
ſuſtain the reſiſtant: But with a greater degree of ve- 
locity will overcome it. So that if the exceſs of ve- 
locity in the power is ſo great as to overcome all that 
reſiſtance which commonly ariſes from the friction or 
attrition of contiguous bodies, as they ſlide by one 
another, or from the coheſion of bodies that are to 
be 1: » or from the weights of bodies to be 
iſed. The exceſs of the force remaining, after all 
reſiſtances are overcome ; will produce an acce- 
of motion proportional thereto, as well in 
of the machine as in the reſiſting body. 
a machine may be contrived to perform 
beſt advantage, will appear from the fol- 
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. Having aſſi the proportion of your power 
the weight be mate the next thing is 1 
how to combine leavers, wheels, pullies, c. fo 
working together, they may be able to give a 

ity to the power which ſhall be to that of the 
ight, ſomething greater than in the ion of 
the weight to the power. This done you muſt efti- 
ma te 
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mate uantity of friction, by the laſt \ 
and if 4 2 vides of the power be to that 1 5 
weight ſtill in a greater proportion, than the weight 
and friction taken together is to the power; then 
your machine will be able to raiſe the weight. And 
note, this proportion muſt be ſo much greater, as you 
would have your engine work faſter. | 


2. But the proportion of the velocity of the power 
and weight muſt not be made too grear neither. For 
it is a fault to give a machine too much power, as 
well as too little. For if the power can raiſe the 
weight and overcome the reſiſtance, and the engine 
perform its proper effect in a convenient time, and 
works well; it is ſufficient for the end propoſed. And 
it is in vain to make more additions to the engine to 
increaſe the power any further; for that would not 
only be a needleſs expence, but the engine would 
looſe time in working. 


3. As to the power applied to work the engine, it 
may be either a living power as men, horſes, &c. or 
an artificial power as a ſpring, &c. or a natural 
power as wind, water, fire, weights, &c. 

When the quantity of the power is known; it 
matters not as to the effect what kind of power it is. 
For the ſame quantity of any ſort will produce the 
ſame effect. And different forts of powers, may be 
applied in an equal quantity, a great variety of ways. 

The moſt eafy power applied to a machine is 
weight, if it be capable of effecting the thing deſigned. 
If not, then wind, water, c. if that can conveniently 
be had. and without much expence. 

A ſpring is alſo a convenient moving power for 
ſeveral machines. But it never acts equally as a 
weight does. But is ſtronger when much bent, than 
when but a little bent, and that in proportion to the 


degree of bending, or the diflance it is forced to. But 
ſprings grow weaker by often bending, or — 
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INVENTION 
long bent; yet they recover part ſtrength by lying un- 
bent. | 

The natural powers, wind and water may be ap- 
plied with vaſt advantage to the working of great 
engines, when managed with ſkill and judgment. 
The due application of theſe has much abridged the 
labours of men. For there is ſcarce any labour to be 
performed, but an ingenious artificer can tell how to 
apply theſe powers to execute his deſign, and anſwer 
his purpoſe. For any conſtant motion being given, it 
may by a due. application, be made to produce any 
other motions we deſire. I heretore theſe powers are 
the moſt eaſy and uſeful, and of the greateſt benefit 
to mankind. Beſides they coſt nothing, nor require 
any repetition or renewing, like a weight or a ſpring, 
which require to be wound up. When theſe cannor 
be had, or cannot ſerve our end; we have recourſe to 
ſome living power, as men, horſes, &c. 


4. Ven may apply their ſtrength ſeveral ways, in 
working a machine. A man of ordi ſt 0 
turning a roller by the handle, can act for a whole 
day, againſt a reſiſtance equal to 30 lb. weight. And 
if he works ten hours in a day, he will raiſe a weight 
of 30 Ib. 3+ leet in a ſecond; or if the weight be 
grea er, he will raiſe it ſo much leſs in proportion. 

But a man way act, for a ſmall ume, againſt a 
reſiſtance of 501b. or more. 

if two men work at a windleſs or roller, they can 
more caſily draw up 70 lb. than one man can 30 lb. 
provided the elbow of one of the handles be at right 
angles to that of the ther. And with a fiy or heavy 


wheel applied to it, a man ray do 3 part more 


work; and ler a little while act with a force, or 
overcome a continual reſiſtance, of 8olb and work a 
whole day when the reſiſtance is but 49 Ib. 

Men uſed to carrying, ſuch as porters, will carry, 
ſome 1501b. others 200 or 250 Ib. according to their 
ſtrength. 
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A man can draw but about 70 or 80 Ib. horizon- x16. 
tally ; for he can but apply about half his weight. 
If the weight of a man be 140 Ib. he can act with 
no greater. a force in thruſting horizontally, at the 
heig 


t of his ſhoulders, than 27 lb. 

As to horſes. A horſe is generally ſpeaking as ſtrong 
: as five men. A horſe will carry 240 or 270 lb. 

4 A horſe draws to greateſt advantage, when the 
line of direction is a little elevated above the horizon, 
and the power acts againſt his breaſt. And can draw 
200 lb. for 8 hours in a day at 2 + miles an hour. 
If he draw 240 Ib. he can work but 6 hours, and 
not go quite ſo faſt. And in both caſes, if he carries 
ſome weight, he will draw better than if he carried 
none. And this is the weight a horſe is ſuppoſcd to 
be able to draw over a, pulley out of a well. In a 
cart, a horſe may draw 1000 Ib. The moſt force a 
horſe can exert is when he draws, ſomething above a 
horizontal poſition. ; 

The worſt way of applying the ſtrength of a horſe, 
is to make him carry or draw up hill. And three 
men in a ſteep hill, carrying each 100 lb. will ciimio 
up faſter than than a — with , co Ib. 

A round walk for a horſe to draw in (at a mill 
Sc.) ſhould not be leſs than forty feet diameter. 


5. Every machine ought to be made of as few 
and thoſe as ſimple as pollible, to anſwer its purpoſe; 
not only becauſe the expence of making and repair- 
ing will be leſs; but it will alſo be leſs liable to any diſ- 
order. And it is needleſs to do a thing with many, 
which may be done with fewer parts. 


6. If a weight is to be raiſed but a very little way, 
the leaver is the moſt ſimple, eaſy, and ready ma- 
chine. Or if the weight be very great, the com» 
mon ſcrew is moſt proper. But it the weight is to 
be raiſed a great way, the wheel and axle is a 

ul, a 
e 


power, and blocks and pullies are eaſier 


INVENTION | 
the ſame may be done by help of the ' perpetual 
Great wheels to be wrought by men or cattle, are of 
moſt uſe and convenience, when their axels are per- 
pendicular to the horizon; but if by water, &c. 
it is beſt to have their axels horizontal. - 


7. Asto 4 combination of ſimple — 
gether, to make a compound one. Thou ea- 
ver when ſimple cannot raiſe a weight CE great 
height; and in this caſe is of little ſervice ; yet it is of 
uſe when com with others. Thus the 
esof a great wheel are all leavers ly acting. 
a beam fixt to the axis to draw the wheel about 
by men or horſes, is a leaver. The leaver alſo may 
be combined with the ſcrew, but not conveniently 
with pullies or with the w The wheel and axel 
is combined with great advantage with pullies. The 
ſcrew is not well combined with pullies ; but the per- 
petual ſcrew combined with the wheel, is very ſervice- 
r 

i Z it orms its effect 
percuſſion ; but this force 1 may be in- 
creaſed by engines. 

Pullies may be combined with pullies, and wheels 
with wheels. Therefore if any Age wheel would 
dy ts and take up too much room; it may 
be divided into two or more wheels and trun- 
dles, or wheels and pinions, as in clockwork ; ſo as 
adn ſame power, and perform the ſame ef- 
In wheels with teeth, the number of teeth which 
play together in two wheels ought to be prime to each 
other, that the ſame teeth may not meet at tvery re- 
volution; for when different teeth meet, they * 
jo wr into a proper figure. There- 
re, 


they ſhould be contrived that the ſame teeth 
meet as ſeldom as poſſible, 


8. The 


OF MACHINES. 
8. The ſtrength of every part of the machine ought 


Sect. XII. 


to be made p to the ſtreſs it is to bear. And 
therefore let every leaver be made ſo much ſtronger, 
as its length, and the weight it is to ſupport, is greater. 
And let its ſtrength diminiſh proportionally from the 
fulcrum, or point where the greateſt ſtreſs is, to 
each end. The axels of wheels and pullies muſt be 
ſo much ſtronger as they are to bear greater weight. 
The teeth of wheels, and the wheels themfelves, 
which a& with greater force mult be proportionally 
ſtronger. And in any combination of wheels and 
axels, make their ſtrength diminiſh gradually from 
the weight to the power, ſo that the ſtrength of every 
be reciprocally as the velocity it has. The 
of ropes muſt be according to their tenſion, 


in general whatever parts a machine is compoſed of, 
the ſtrength of every particular part of it muſt be 
adjuſted to the ſtreſs upon it, according to Sect. VIII. 
therefore in ſquare beams the cubes of the diameters 
muſt be made proportional to the ſtreſs they bear. 
And let no part be ſtronger or bigger than is neceſ- 
= for the ſtreſs upon it: Not only for the eaſe and 

going of the machine, but for diminiſhing the 
friction. For all ſuperfluous matter in any part of 
it, is nothing bur a dead weight upon the machine, and 
ſerves for nothing but to clog its motion. And he 
is by no means a mechanic, that does not on- 
* to the ſtreſs; but alſo contrive 
all the parts to laſt equally well, that the whole ma- 
chine may fail together. 


9. To have the friction as little as poſſible, the ma- 
chine ought to be made of the feweſt and ſimpleſt 
parts. The diameters of the wheels and pullies ought 
to be large, and the diameters of the arbors or ſpin- 
dles they run on, as ſmall as can be conſiſtent with 

ſtrength. 


and that is as the ſquares of their diameters. And- 
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or greaſe, the teeth of wheels muſt be made to fit 
and fill up the opens; and cut into the form of epi- 
cycloids. All the axels, where the motion is, and all 
teeth where they work, and all parts that in workin 
rub upon one another, muſt be made imooth : A 
when the machine goes, muſt be oiled or greaſed. If 
a joint is to go pretty ſtiff and ſteady, rub a little 
greaſe upon it. | 

The axis à of a wheel, may have its friction dimi- 
niſhed, by cauſing it to run on two rollers B, C, 
turning round with it, upon two centers. 

Likewiſe inſtead of the teeth of wheels, one may 
place little wheels as 4, B, running upon an axis in 
ns center. And this will take away almoſt all the 
friction of the teeth. And in lanterns or trundles, 
the rounds may be made to turn about, inſtead of be- 
ing fixt. 

n all machines with wheels, the axels or ſpindles 
ought not to ſhake, which they wiil do, if they be 
too ſhort. And their ends ought juſt to fill their 
holes. 


10. When any motion is to be long continued; 
contrive the power to move or act always one way, if it 
can be done. For this is better and eaſier performed 
taan when the motion is interrupted, and the power 
is forced to move firſt one way and then another. Be- 
cauſe every new change of motion requires a new ad- 
ditional force to effect it. Befides a body in motion 
cannot ſuddenly receive 2 contrary motion, without 

violence. And the moving any part of the 
machine contrary ways by turns, with ſudden jerks, 
tends only to ſhake the machine to pieces. 


11. In a machine that moves always one way, en- 
deavour to have the motion uniform. Some methods 
of doing this may be ſeen in Prop. CXIII. and if 
one uniform motion be required to produce a motion 


either uniform or accelerated, ſome light may 1 
rom 


1 
1 
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from Prop. CXI. likewiſe how to communicate mo- 
tion conſult Prop. CX. and to change the direction ſee 
Prop. CXII. | 


12. But when the nature of the thing requires that 
a motion is to be ſuddenly communicated to a body, 
or ſuddenly ſtopped : To prevent any damage or vio- 
lence to the engine, by a ſudden jolt; let the force act 
againſt ſome ſpring z or beam of wood, which may ſup- 
ply the place of a ſpring. 


13. In regard to the ſize of the machine; let it be 
made as large as it can conveniently. The greater 
the machine the exacter it will work, and pertorm all 
its motions the better. For there will always be ſome 
errors in the making, as well as in the materials; and 
conſequently in the working of the, machine. The 
reſiſtance of the medium in ſome machines has a ſen- 
ſible effect. But all theſe mechanical errors bear a 
leſs proportion to the motion of the machine in great 
machines than in little ones ; being nearly recipro- 

cally as their diamerers ; ſuppoſing they are made of 
the ſame matter, and with the fame accuracy, and are 
equally well finiſhed. Therefore in a ſmall machine 
they are more ſenſible; but in a great one almoſt va- 
niſh. Therefore great machines, will anſwer better 
than ſmaller, in all reſpects, except in ſtrength. For 
the greater the machine the weaker it is, and leſs able 
to reſiſt any violence. | 


14. For engines that go by water, it is neceſſary to 
meaſure the velocity and force of the water. To get 
the velocity, drop in pieces of ſticks, c. and obſerve 
how far they are carried in a ſecond, or any given 
time. 3 | 
But if it flow through a hole in a reſervoir or ſtand- 
ing receptacle of water. 1 he velocity will be found 
from the depth of the hole below the ſurface; by Cor, 
2. Prop. 97. and its torce by Cor. 1. Prop. 107. wt 

us 
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Thus let 16 r feet. v= velocity of the fluid per 
ſecond. B = the area of the hole. II = height of 
the water; all in feet. Then the velocity v = v 25H, 


and its force = the weight of the quantity _ B or 


HB of water, or = 22* HB hundred weight: be- 


112 
cauſe a cubic foot is = 62+ lb. avoird. Alſo a hog- 
ſhead is about 8 + feet, or 531 lb. and a ton is four 


When you have but a ſmall quantity of water, 
ou muſt contrive it to fall as high as you can, to 
ve the greater velocity, and conſequently more force 
upon the engine. 

15. If water is to be conv through pipes to a 

© anf dr den de bur nl bb much 
[nk pipes muſt be uſed, becauſe the water will come 


flow 
coming directly from an engine, 


Pipes of conduct 
ſhould be made of iron with flanches at the ends to 


y in a curve: Pipes 
irty years in the ground. 
that the froſt may not reach them; or elſe the 
muſt be let out; otherwiſe the froſt will ſplit them. 

thickneſs of any ys au. 96 the lgganer 
bore, and alſo as the depth from the ſpring. 
a lead pipe of fix inches bore, and ſixty or ſeventy 

igh, the thickneſs muſt be half an inch. And 


of 
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F 3 


is, ſqueezed through ſmaller pipes; for that creates 10 


a reſiſtance, as the water-way is leſs in narrow pipes. 
When pipes are windbound, that is when air is 
in them that the water can hardly paſs; it 

muſt be diſcharged thus. Going from the ſpring till 
you come to the firſt riſing of the ground; digit open till 
the pipe be laid bare, then with a nail driven into it, 
part, or rather a little beyond, make a 

And all the air will blow out at 


I 
air will 


the 
be 


with the water; the nail hole muſt be left open; or a 
occaſionally. Sometimes a 
over the other, commu- 


at top to open upon 


16. When any work is to be performed by a wa- 
ter-whee] moved by the water running under it and 


ſtriking the paddles or laddle boards. The channel it 


moves in ought to be ſomething wider than the hole 
of the adjutage, and fo cloſe to the floats on every 


ſide, as to let little or no water paſs; and when paſt 


the wheel, to open a little that the water may f 

It is of no advantage to have a great number of floats 
or paddles, for theſe paſt the perpendicular are re- 
fiſted by the back water, and thoſe before it are 
ftruck obliquely. The greateſt effect that ſuch a 
wheel can perform, in communicating any moti- 
on, is when the paddles of the wheel move with x 
the very of the water; = _— caſe, * — 
upon the paddles is + only; fu the the abſolute 
force of the water agianſt the paddles, when the wheel 
ſtands ſtill, to be 1. So that the utmoſt motion which 
Tic wheel can generate, is but r of 2 
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710. force of the water againſt the paddles at reſt, would 


ace. This is when the wheel is at the beſt; 
t oftentimes far leſs is done. 

Machines to raiſe water, though well made, ſel- 
dom loſe leſs than 3 the computed quantity of wa- 
ter to be raiſed. The beſt contrived engine is ſcarce 
& part better than the worſt contrived engine, when 
they are equally well executed. 

A man with the beft water engine cannot raiſe above 
one hogſhead of water in a minute, 10 feet high, to 
work all day. | 


* 


SECT. XIII. 


The deſcription of compound Machines or 
Engines, and the method of computing 
their powers or forces; with ſome ac- 
count of the advantages or diſadvan- 
rages of their conſtruction. 


Ut 4 2 —— n 


PROP. CXX, 


To deſcribe ſeveral ſorts of Engines, and to compute their 


forces or effects. 


power or force of it; to know whether it can really 
perform the effect from it or not. The 
foundation of both theſe has been already laid down in 
this book. What ſeems to be neceſſary further, is to 
give ſome examples in practice, by ſhewing the 
conſtruct ion of ſeveral mechanic engines, and com- 
puting their powers. As there is great {kill and ſa- 
gacity in contriving fit and proper ways to orm 
any motion, ſo this is principally to be attained by 
practice, and a thorough acquaintance with machines 
of ſeveral kinds. I ſhall therefore give the mechani- 
cal conſtruction of ſeyeral forts of machines, made 


Q for 


FIG. 
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FIG. for ſcveral different purpoſes, which will aſſiſt the 


the parts of the ſame running 


on and move others, for the power; and the product 
| 24 : I 
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reader's invention, and give him ſome idea how he 
may proceed in contriving a machine for any end 
propoſed. Of which I ſhall only give a ſhort ex- 
planation of the principal parts, not troubling the 
reader with any deſcription of their minuter parts, 
nor how they are joined together, ar ſtrengthened 
cc. it is faffcient here to ſhew the diſpoſition, and 
nature of the principal | ay The reſt belongs to 


carpenters, joiners, ſmiths, &c. and is eaſily under- 
ſtood by any one. 


To compute their powers. 


1. As to ſimple machines, they are eaſily accounted 
for, and their forces computed, by the propertics of rhe 
mechanic powers. 

2. For compound machines; ſuppoſe any machine 
divided into all the ſimple ones that compoſe it. Then 


begin at the power and call it 1; and by the - 


ties of the mechanic powers, find the force with which 
the firſt ſimple machine acts upon the ſecond, in 
numbers. Then call this force 1, and find the force 
it acts upon the third, in numbers. And putting this 
force 1, find the force acting on the fourth, in num- 
ders; and ſo on to the laſt, Then multiplying all 
theſe numbers together, the product will give the 
force of the machine, ſuppoſing the firſt power 1. 
3. When pullies are concerned in the machine; all 
that go and re- 
turn about ſeveral pullies, freely and without inter- 
ruption, muſt be all numbered alike for the force. 
And if any rope act againſt ſeveral others, it muſt 
be numbered with the ſum of all theſe, it acts 
againſt. | 5 | 
4. In a combination of wheels; take the product 
of the number of teeth in all the wheels that a& up- 


of 
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of the teeth in all the wheels moved by them, for the 10. 


weight. Or inſtead of the teeth take the diameters. 

. When a machine is in motion, if you meaſure 
the velocity of the weight, and that of the power, in 
numbers. Then the firſt number to the ſecond, gives 
the proportion of .the power to the weight. Other 
things that are more complex and difficult muſt be 
referred to the general laws of motion. 


Examets I. 


Sciſſars, pinchers, &c, may be referred to the lea- 
ver of the firſt kind. A bandſpike and crow are leavers 
of the firſt kind. Knives fixt at one end, to cut 


wood, bread, &c. are leavers of the ſecond kind, 


The bones in animals, alſo 7ongs, are leavers of the 
third kind. A hammer to draw a nail is a bended 


leaver, 
EXAMPLE II. 


A windleſs, and a capſtain in a ſhip, and a crang 
to draw up goods out of a ſhip or boat, may be re- 
ferred to the wheel and axel. 


| EXAMPLE III. 


All edge-tools and inſtruments with a Harp- point, to 
cut, cleave, ſlit, chop, pierce, bore, &c as tives, bat- 
chets, ſciſſars, ſwords, bodkin:, &c. may be reduced 
to the wedge, | 


ExAurlZ IV. 
The bar 4B bearing a weight C, may be referred 


to the leaver; where the weight upon A: to the 
weight upon B:: is as BC: to AC. 


Q 2 


Ex MPLE 


186. 


188. 


190. 


DESCRIPTION OF 


ExameLe V. 


Likewiſe if two horſes draw the weight V, in the 
directions A 1, B 2, by help of the fwing-trce AB; 
this may be referred to the leaver. Arid the ſtrength 
or force at A, to that of B:: is as BC to AC. 


ExameLE VI. 


ACB is a ballance, where the brachia AC, CB being 
equal, the weights in the two ſcales D, E will be 
equal, The properties of a good ballance are, 1, 
That the points of ſuſpenſion of the ſcales, and the 
center of motion of the beam, be in one right line. 2. 
That the brachia or arms be exactly of equal length 
from the center of motion. 3. That they be as lo 
as poſſible with conveniency. 4. That there be as 
little friction as poſſible in the motion. 5. That the cen- 
ter of gravity of the beam be in, or but very little 
below, the center of motion. 6. That they be in equi- 
librio when empty. 

If one brachium 4C be longer than the other CB, 
then the weight in the ſcale Z muſt be greater than 
that in D, to make an equilibrium. And then you 
will have a deceitful ballance, which being empty, or 
loaded with unequal weights, ſhall remain in equili- 
w. For AC : CB :: weightin E : weightin D; 

y the pro of the leaver. But changing the 
weights 2 ſcale to the other, will diſcover the 
deceit z for the ballance will be no longer in equilibrio. 


ExamPpLE VII. 


The ſteelyard AB is nothing but a leaver whoſe 
fulcrum is C, the center of motion. If the weight P 
placed at D reduce the beam AB to an equilibrium; 
and there be taken the equal divifions Dr, 12, 23, 
34, Ec, then the weight P piaced ſucceſſively at 1, 

| 25 
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is to 1, 2, 3 pounds, if P is a pound. 


W-=2P, &c. 


ExameLE VIII. 


the preſſure at H, as1to 3 x 1 or 7 +. 
ExamPpLEe IX. 


EF = 18. Diameter of the twill a = 2. 


Q 3 


2, 3, 4, Sc. will equiponderate with weights as V, 
ſuſpended at B, which are alſo as the numbers 1, 2, 
3, 4, Sc. reſpectively. Moreover if the diviſions D1, 
12, 23, Sc. be each = CB; then if P be ſucceſſive- 
ly placed at 1, 2, 3, Sc. the weight to ballance 
it, will be reſpectively equal to P, 2P, 325, &c. that 


For by the property of the leaver CP x P+ CD 
x Þ = CB Xx W, that is, PD x P = CB XV, and 
CB: PD:: P: V, univerſally. Whence if DP or 
Di = CB, then V, if DP or D2 =2 CB, then 


Let AB be acheeſe-preſs; CE, FG are leavers move- 
able about the points, D, E, F, G by applying the 
hand at C. S, the ſtone or weight. H, the cheeſe. 

It CD = 5, DE=2, Fs = 6, GH= 2, FR=1, 
FH=4. then in the leaver CE, D is the fulcrum. 
Call the power at C 1; then the force at E or Fis 5. 
And in the leaver FG, whoſe fulcrum is G; it the 
power at F be 1, the force at R is 4, therefore the 
power at C, to the weight S; is as 1 to 1 X 4 or 3. 
Alſo the weight of the ſtone at R, to the preſſure at 
H, as 2 to 5 or 1 to 2. And the power at C, is to 


Let EG be a ſpinning wheel. Diameter of the rim 


Diame- 


ter of the whorle cd = 3. EabF the band going 
about the twill. EcdF the band going about the 
whorle. Therefore whilſt the rim makes 1 revolution 
the twill makes 9, and the whorle and feathers 6. 
therefore there are 3 revolutions of the twil, for 
2 of the feathers x. And conſequently the difference 
of the revolutions which is 1, is the quantity taken 


W. 


229 
110. 
190. 


189. 


191, 


| 
| 
| 
| 


192, 


193. 


DESCRIPTION OF 

up by the twill, whilſt the thread rn is twined by 
theſe 2 revolutions of the feathers. The great- 
er the difference of the revolutions of the twill 
and feathers, the more the wheel takes up. And 
the nearer an equality, the more ſhe twins, If they 
make equal revolutions in the fame time, ſhe will 
not take up at all. And if the feathers make no revolu- 
tions, ſhe will twine none. The greatcr the propor- 
tion of the rim, to the whorle and twill, the faſter 
ſhe will do both. 


ExamPpLE X. 


A machine to raiſe a weight by the force of the 
running water II, carrying the wheel LA, by means 
of the floats F, F. Let the diameter of the wheel LK 
be 10; of GB, 2; of DC, 11; of AE, 3. Let the 
power of the water againſt the floats F, be 1. Then 
the force at B to move the wheel CD will be 5; 
again if the power at B he 1, the force at A will be 
3. therefore the force of the water, to the weight 
3 is as 1 to gj X 3 4, or as 1 to 18 3. 


- ExampLE XI. 


In the machine FB, which raiſes the weight . 
by means of the wheel EG, and the — ſcrew 
BE. Let the circumference deſcribed by the power 
C be 3o inches, the diſtance of two threads of the 
perpetual ſcrew E, be 1 inch. Diameter of the 
wheel EG=5 feet, of DA = 2. Therefore if the 
wer at C be 1, the force acting at E to turn the 
wheel EC will be 30. And if the power at E be 1, 
the force at D will be 2 3. Therefore the power at C, 
to the weight V; is as 1 to 30 & 2 for 1 to 75. 
Note it is the ſame thing whether CB be ſtreight or 
crooked, whilſt the diftance BC, in a ſtreight line is 


the ſame, and in meaſuring, you muſt always take the 
ſtreight line BC. 


ExAM PLE 
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by I ExameLe XII. 

* J In a machine compounded of wheels to raiſe a 
= weight; let AB=5, diameter of the barrel MN=2, 
11 | the number of teeth in the wheels and nuts, as fol- 
wal XX lows; CD = 10, CE= 40, FG= 12, FH = 50, 
. KI 12, IL 64. then che power applied to B, is 
| to the weight B.; as 1 X 10 X 12 X 12 to 
* 5 X 40 X go 64; that is as 1440 to 640000, or as I 

Y to 444< 


But if the power was at V, to move the weight B; 
then the ratio will be inverted. For then the power 
will be to the force at 8; as 444 to 1. Or if the ve- 
locity of B was required; you will have the Oy of 
I to that of B, as 1 to 444. | 


ExameLE XIII. 


A machine to raiſe a weight by help of the Trian- 
gles ABEF, the windlace CC, and two pullies P, 9. 
Let the diameter HG where the rape goes, be = 2, 
radius CD —= 5. Then if the power at DO be 1, the 
force at His 5. And if the force at H, drawn by one 
rope, be 1, the force at V drawn by twojropes, 
will be 2. Therefore the power at D, to the weight 
V is as 1 to 2 & 5 or 10. 

If the leg AB be wanting ; the other two may be 
ſet againſt a wall; or upheld by ropes; and then it 
is called a pair of 'ſheers. 


ExamPLE XIV. 


weight A is to be lifted by the three pullies 
of 2 C is fixt. Call the power at B, 1. 

ce ſtretching AZ is 1; and both to- 
pun to the force of DE — 2: and 


force DA = 23; whence force DC = 4; likewiſe 
force CA= 4. Therefore the whole torce _— 
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110. at Ais1+ 2 +4= 7, and the power at B to the 
196, weight A; as 1 to 7, 


197. 


198. 


199. 


DESCRIPTION OF 


ExameLe XV. 


In this machine þACD is a running rope fixt at D, 
B a fixt pulley. Let the power at h pulling the rope 
þA be 1. That on AC 1, and CD 1. then will 4B be 
2, and BC2, BE 4. And the weight V oppoling 
AC, BC, and DC will be : +2 +1 = 4. hence 
the power at B, to the weight V; is as 1 to 4. 


ExaurLE XVI. 


Another machine with pullies. A a fixt pulley. the 
ends of the ſeveral ropes are fixt at B. C, D, E. ſup- 
poſe the power at M = 1, then the force on AF, FB 
is 13 on FG, GC, 2; on GH, HD, 4; on HI, IE, 
8. but the weight P acts againſt HI, IE, and is there- 
fore = 16. - And the power is to the weight as 1 to 


16, 
ExamePLE XVII. 


Let DE be a boat rowed by oars; and let ABC be 
one oar. Here the power acts at A, and the pin B 
will be the fulcrum; and the force at C acting againſt 
the water, is that which gives her motion. Let the 
power at A be 1; then the force at C, by which the 


boat is moved, is, Whence the longer AB, or 


the ſhorter BC is, ſo much more power there is at A 
to move her forward. 

Therefore long oars have the diſadvantage of loſe- 
ing power. Yet the oars may be too ſhort as well as 
too long. For if they be very ſhort, the motion of 
the boat will allow little time to ſtrike, and they will 
have but ſmall force to act againſt the water with, in 
ſo ſmall a time, as well as from the flow en 

Ol 
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+ og C; which is a diſadvantage on the other 
ſide ſide, 


ExamPpLE XVIII. 
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199, 


Let FR be a ſhip, AS a fail. Suppoſe a plumb- 200 


line drawn through the center of gravity of the ſection 
of the ſhip and water; and another line BO, parallel 
to the horizon and to the axis or keel of the ſhip, 
and to paſs through the center of preſſure or reſiſt- 
ance of the ſhip, which ſhe has by the water in her 
motion. Let this interſect the former plumbline in O. 
Through C the center of gravity of the fail, draw 
CD perpendicular to the fail; and CB perpendicular 
to BY, and AS in the plane of the triangle CBD. 

Then if DC be the force of the wind againſt the 
fail AS, then DB is the force generating her progreſ- 
five motion, and BC is the force lifting the ſhip up- 
wards. Now the force DB, acting at C, in direction 
DB, endeavours to turn the ſhip, round an axis paſſ- 
ing thro' O; with a force which is equal to the abſolute 
force BD x by the diſtance CB, or CH BD; and this 
is the force by which her head is depreſſed. Likewiſe 
the force BC, in direction BC, endeavours to turn 
the ſhip round an axis at O, the contrary way; and 
that with the force BC x diſtance BO, or CXO; 
and this is the force that raiſes her head. Therefore 
the force to raiſe her head is to the force to depreis it, 
as CB Xx BO toCB x BD, or as BO to BD. 

Hence, if the point D fall before O, then the fail 
endeavours to raiſe the ſhip's head; if it be behind O, 
it endeavours to fink it. If it be in O, it will keep her 
ſteady. And the height of the ſail As contributes 


nothing to her ive motion ; the ſame ratio 
of the abſolute to the progreſſive force, remains ſtill 
A CD to DB, 


ExAMPLE 


DESCRIPTION OF 
Example XIX. 


EF is a Cart or Carriage, BD a- rub for the wel 
CAD to paſs over, AB the horizontal plane; Y, 
AC perp. and OD parallel to 45. C the center ut the 
wheel. Then the horizontal force requiied to pull 


/ 


the wheel over the rub BD. is as 5 And the 


C 
difficulty of going, over rus increaſes in a greater 
ratio than that their heights. Allo the higher the 


wheels, the more caſily they paſs over them; but 
then they are more apt to overturn. To draw the 
cart with the leaſt power over the rub BD, it ſhould 
not be drawn in the horizontal direction AB or OD; 
but in the direction AD. The advantage of high 
wheels, is that they paſs the rubs moſt eaſily, and 
they have alſo leſs friction; And ſink leſs in the dirt; 
and more eaſily preſs down an obſtacle. But their 
diſadvantage is, that they eaſily overturn ; they alſo 
make cattle draw too high ; for they can apply their 
ſtrength beſt when they draw low and upward, as 
in the direction D; which is the advantage of low 
wheels. Yet if the wheels are high, they may be 
made to draw low, by fixing the limmers or traces 
as far as below the axle as you will, which will then 
be an equal advantage with low wheels. For the 
power not pulling at the wheel, but at the carriage, 
may draw from any part of it. There is another 
advantage in ſmall hath. that they are better to turn 
with. | | 

A waggon with four wheels is more advantageous 
than a cart with only two wheels; eſpecially on ſand, 
clay, Sc. narrow wheels and narrow plates are a diſ- 
advantage. There is a great deal of friction in all 
carriages, as is evident by the force required to draw 
them upon plain ground. And for that reaſon expe- 
rience can only inform us how much force is able to 


draw any carriage. To make the reſiſtance as ſmall 
as 
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as can be, axles of iron, running in braſs boxes in 
the wheel naves, go the eaſieſt. 

The ſpokes in the wheel ought to be a little in- 
clined outwards; that when a wheel ſinks into a rut, 
the ſpokes (bearing then the greateſt weight) may be 
nearly perp. to the horizon. 

The underfide of the axle-tree, where the wheels 
run ought to be nearly in a right line; if they ſlant 
much upward towards the ends, the wheel will work 


* againſt the lin pin. Yet this cauſes the wheels to be 

0 farther aſunder at top than at bottom, in the rut, be- 
- cauſe the ends of the axle-tree are conical; which 1s 
d | an inconvenience. 


ExameLE XX, 


Suppoſe the waggen FC is moved forward, by a 
wer ating within it. Which power turns the wheel 
D# by the fpoies AD, AD, &c. and DE turns the 
wheel IC which caries the waggon. Let the power 


at A be 1, then the force acting at E will be D 2 


the waggon is moved, will be gr. Therefore the 


power at A, to the force by which the waggon can 


DA x BE f 
b h 
DE x BC Or the power is 


to that force, as DE x BC to DA x EB. It will be 
the ſame thing, if inſtead of teeth, the wheel DH car- 
ries EB by a chain going round them. ou muſt ſup- 
poſe the like wheels on the oppoſite fide. 

Hence if the abſolute force to move the waggon 


be moved; is as 1 to 


E =D SAS B88 AE RNS RA KF 


„ 
will be —.— 
„ ENA 


8 7 


ExameLs 


2 


alſo if the power at E be 1. The force at C, by which 


without, be 1; the force within, applied at 4 to move 
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ExaMPeLe XXI. 


ABCD are the ſails of a windmill, all alike inclined 
to their common axis, and facing the wind, and 
turning about in the order ABCD. YC the direction 
of the wind parallel to the axis EH. Since WC is 

rpendicular ro EC, draw CF in the fail perpen- 
dicular to EC, then the angle VCF will be the angle 
of incidence of the wind upon the ſail. Therefore the 
force of the wind to turn the fails about the axis EH 
is as the ſquare of the fine of the angle WCF by 
its cofine. And the force acting againſt the mill in 
direction of the axis EH is as the cube of the fine of 
WCF. Now fince the force of the wind to turn the 


fails round, is as S.HCF* x col. M, therefore 
when that force is the greateſt, the angle VC will be 
4: 44. 

a And this is the moſt ad van poſition of the 
ſails to move them from reſt; and would always be ſo, 
if the wind ſtruck them in the ſame angle when mov- 
ing as when at reſt. But by reaſon of the ſwift mo- 
tion of the ſails eſpecially near the end G; the wind 
ſtrikes them under a far leſs angle; and not only ſo, 
but as the motion at the end G is ſo ſwift, it may ſtrike 
them on the backſide. Therefore it will be more ad- 
vantageous to make the angle of incidence MTF 
ater, and ſo much more as it is further from E. 
herefore at the places », o, G, the tangents of the 
angles ought to be nearly as the diſtances, En, Eso, 
EG. And therefore the ſails ought to be twiſted, fo 
as at 1 to lye more ſharp to the wind; and at G 
almoſt to face it. And by that means they will avoid 


the backwind. 
Example XXII. 


GB is a common ſucking pump. GKL the handle, 
CD the bucket. E, F two clacks opening upwards. 
When the end L is put down, the end G raiſes the 


ſucker or bucket CD, and the value or clack F ſhuts; 
I and 
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and the water above the bucket being 
weight of the atmoſphere is taken off the water un- 
derneath in the pump. Then the preſſure of the 
external air in the pit or well MN, raiſes the water 
up the pump, opens the valve E, and aſcends thro* 
the hole B into the body of the pump DB. Again 
when the handle L is raiſed, the bucket CD deſcends, 
the valve F opens, and lets the water aſcend through 
it, and the preſſure of the water ſhuts the valve E, 
ſo that the water cannot return 
whilſt the end L is put down again, the fucker CD is 
raiſed again, together with the water above it, whilſt 
more aſcends through B. So that at every ſtroke of 
the handle water is raiſed into the pump; till at laſt 
it flows thro* the pipe H. 

If the bucket CD be more than 30 or 32 feet from 
the ſurface of the water MN in the pit, no water will 
aſcend above it; for the preſſure of the atmoſphere 
reaches no further. Therefore it muſt always be 
within that diſtance, or this pump is uſeleſs for raifing 
water. | 
The weight of water which the bucket lifts at each 
ftroke is that of a column of water whoſe height is 
MH, and its diameter that of the bore of the pump 
at CD where the bucket goes. Therefore as GK to 
XL:: fo the power applied at L, to that weight. 
therefore it ſignifies ing where the bucket is 
placed, as to the weight of water. If a leak hap- 
pens in the barrel of the pump below the bucket 
CD; the air will get in and hinder the working of 
the pump: If above CD, only ſome water will be 
loſt; therefore CD ſhould be placed low; but then 
it will be bad to come at to repair it. 

The bucket, ſucker, or piſton is to be ſurrounded 
with leather to fit exactly, and muſt move freely up 
and down in the barrel, and alſo muſt exactly fill it. 
of valves or clacks, ſome are flat, made of leather 
others are conical; and they muſt all fit very cloſe ; 
and move freely. To ballance the weight of water, 
the 


h B. Then 
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the handle KL is commonly made heavy, as of iron, 
with a knob at the end L. 


ExamPLE XXIII. 


If a man ſitting in the ſcale E be in equilibrio with 
a weight in the ſcale A; and if he thruſt againſt the 
beam CB, with a ſtick or otherwiſe, in direction ED, 
and by that means thruſts out the ſcale E to the po- 
fition BE. Then the man in the ſcale E will over- 
ballance the other ſcale A, and raiſe the weight. For 
let EL be perp. to FB; then the force at E to turn 
the ſcales is to the contrary force at F, as CL to CF 


or CB. For it is the ſame thing as if E was ſuſpended 
at L. 
perpendicular obſtacle GH hinders 


And when the 
the ſcale from going out ; and the center C is alſo kept 
ſteady. Yet the ſcale E will ftill preponderate. For 
let ED be the force acting againſt D; this is equiva- 
lent to the two forces EB, BD, acting at E, and D. 
The force BD tending to or from the center, does 

But the force EB at E, acting at the diſ- 
tance CB, its power to bring down the ſcale E is CB 
BE. And the ſame force acting at D, its power to 

ſh up the fcale is CD BE. And their difference 
DBXBE is the abſolute force to thruſt down the ſcale. 
And this force is to the whole thruſting force DE, as 
DB to DE. And if D were on the other fide of C, 
the force would ſtill be DBxBE, or CB-{-CDXBE. 

But if the ſcale Z was not moveable about B, as if 
it were ty'd by the cord DE; then no force acting 

inſt any part of the beam FB, would have any 
ect to deſtroy the equilibrium. 


Example XXIV. 


Suppoſe a man A ftanding upon the plank CB, 
ſupported only at one end C, and pulling the end B 
towards 
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towards him by the rope EB, in order to keep himſelf x1, 


and the plank from_ falling. 

* the man and the plank to be one body; 
then action and reaction in direction EB, de- 
ſtroy one another, and his pulling does nothing. It 
would therefore be in vain for him to endeavour to 
ſupport himſelf by that force; for both he and the 
plank muſt fall down together towards B, by their 
own weight. 


ExamyLE XXV. 


CD is a machine with two wheels fixed to an axis 
DF, round which goes a cord GDFE. There is a 
power at E cndeavouring to draw the machine towards 
E, in a direction parallel to the horizon HO, by the 
cord EF, going under the axis DF. In the radius 


Ald of the wheel, take AB equal to the radius of the 
axle DF, towards I, becauſe the ſtring goes below it, 


Then the force to move the machine, is the ſame as 
if the firing was fixt at B; where H is the fulcrum, 
A the weight. Then the force to move the machine 
towards E, with the given power E, will be as BH. 
Therefore it would be in vain, by pulling at the 
ftring, to endeavour to make the body roll towards 
D,, the contrary way. But if DF was greater 
than the diameter of the wheel, that is, if B falls be- 
yond H; then the force drawing towards E, would 
move the body towards D the contrary way. 

If the direction of the power DE be elevated above 
the horizon as ſe ; then the machine would a 
or recede, till the direction of the ftring ef fell upon 
the point of contact H, and there it would reſt. 


Example XXVI. 


A is an artificial kite, kept up by the wind blowi 
in direction M, by drawing the ftring AIBIH, 


fixt at A and B. The kite will gain ſuch a ny 
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71 C0. that HI produced will paſs through the center of 
. vity of its ſurface at C the CO perp. to BA, — 

DO perp.. to the horizon HO. Then OC is the direc- 
tion of the force of the wind acting againſt the kite; 
and the force of the wind to keep her up, is as the 
ſquare of the fine of the angle AC# or COD. Now 
if DO repreſent the given weight of the kite, CO will 
be the force of the wind acting againſt her, and CD 
the force pulling at the ftring. The tail EF (with a 
bullet F at the end) being always blown from the 
wind, keeps her head always towards the wind. 

As the direction of the thread always paſſes thro? 
C, therefore the angle ACH and conſequently HCO, 
will always be the ſame at all altitudes. And ſhe can 
f never aſcend ſo high, till the angle of altitude CHO be 

1 equal to ACH. And hence it follows, that the leſſer 
1 the angle HCO is made, the higher ſhe will riſe. 
1 And likewiſe the greater the wind is, or the lighter 

the kite, ceteris paribus, the higher ſhe will riſe. 
210, * a like manner a machine as ab may be con- 

trived, to at the top of a running water, being 

held by L de ted © A Bins 20d ſunk to the 

bottom. ab is a thin board, J a piece of lead to fink 
1 the end h, but the whole muſt be lighter than water, 
l cd an iron pin fixt atc. Or the machine may have 
| a looſe tail at b, heavier than water, as in the kite. 


Exauelzs XXVII. 


If AB is a machine to be moved by a power acting 
211. at C out of the machine, in direction DC. DF, GL, 
two leavers within the machine, moveable about the 
two fixt fulcrums E, H. 
Call the power at C, 1 ; then the force at Fro move 


the leaver GI, is DE. Then if che force at F be, that 


EF | 
at the obſtacle 7 out of the machine, is 77 There- 


fore 
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fore if the power at C be 1, the force acting agairſt x16. 


7 the obſtacle at J. or which is the ſame thing, the 211. 

hs force urging forward the machine towards B, is 

? _ 2 f. But the power at C draws back the ma- 

| X 

- chine with the force 1. Therefore the abſolute force 

- urging forward the machine is 25 7 F 1 of 

a DEN GH—EFx Hl! l 

1e ax , 

Note, if the force at F be 1 ; the force againſt H | 

Is REN But this is not the force urging forward the 


machine, but to tear her in pieces, or to ſeparate the 
fulcrums E, H, from one ancther. 

If there had been three leavers, and the power at 
D; the third, had been directed towards X, the 
way the machine goes; then the er 1 muſt be 
added to the force at J, and the whole is the force urg- |, 
ing forward the machine. | 
Hence if the abſolute direct force to move the ma- | 
chine be 1, the power applied at D, which is able 


= - ws EF x HI . 
be 1 

to move it, will Ne | But if the | 
power at D act 7 2 the machine; this power 1 
EF x H 1 ; i 

would only free: there iv then no fores | 


to be deducted, for drawing back the machine. 


ExamMPLtE XXVII.. 


DABH is a wooden-bridge, &, AD, AB, BH, 
30, beams of timber. DE, EL, SR, RH, braces to 


acl Fram A988. 


me ſtrengthen the angles A, B. The ftreſs upon any of 
at the angles, is ceteris paribus, ſo much greater as the 

angle is greater. But the ſtrength on any angle 4, is 
e 


"= 
A C 


as the perpendicular AP. 
R ExAMPLE 
re 


DESCRIPTION OF 


ExamPLE XXIX. 


AB a ſailing chariot. CDEF horizontal fails, fo 
contrived that the fails D facing the wind may ex- 
and, and thoſe going from the wind may contiact. 
he fails are turned about by -the wind coming from 
any coaſt, Theſe ſails turn the axis and trundle GH. 
And the trundle turns the wheel IL by the coggs in it. 
Therefore the chariot may move in any direction. R 
is a rudder to ſteer with. 
Suppoſe the chariot to go againſt the wind. Let 
D be the center of preſſure of the two fails C, D, 
the wind blows on. And let the power (that is the 
force of the wind acting againſt the ſails) be 1, then 


the force againſt the teeth in IL, is 877 And this 
force being 1, the force at L is alſo 1. Therefore the 


power at D to the force at L; is as 1 to 87 z or as 
OH to GD. Now fince the maſt is ſtrained by the 


power falling on the fails, therefore by this power OH 
the chariot is urged backward. And by the force at 
L which is GD, it is urged forward, Let K 
be the force of the wind upon the body of the cha- 
riot, together with the friction in moving. There- 
fore if GD is greater than the radius OH + R, the 
chariot will move forward againſt the wind ; if leſs, 
backward, But if they be equal, it will ſtand till. 


FxampLE XXX. 


FG a chariot or waggon to fail againſt the wind. 
S the fails of a windmill, turning in the order 1, 2, 3. 


trundle C moves D, which has-both teeth and c 
D by its teeth moves E; * 


As the fails go round; the pinion A moves B, and the 


5 
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axle-tree carries round the wheels II, I which move 
the waggon, in direction HG, 

The fails are ſet at an angle of 45 ®, ſo the force to 
turn them and the force in direction of the axis, will 
be equal. This waggon will always go againſt the 
wind, provided you give the ſails power enough, by 
the combination of the wheels. but then her motion 
will be ſo much ſlower, 


ExameLE XXXI. 
Let AB be part of a rope. cd, cd, &c. the particu- 


lar ſtrands running about in a ſpiral manner, Let 
FH be the axis of the rope, the angle GFII or HFK 
the obliquity of the ſtrands. Draw KH, GH parallel 
to FG, FK, and draw GEK, Then the tenſion of the 
rope in direction HF, is to the ſtreſs on all the ſtrands 
in direction FG; as FH to FG + FK or FG + GH, 
that is, as EF to FG. Therefore the abſolute force 
by which the rope is ſtretched, is to the ſtrain or 
ſtreſs upon all the ſtrands, or upon the twiſted rope; 
as FE is to FG; and ſo is the length of any part of 
the rope, to the correſpondent length of a ſtrand. 

Hence ropes the leaft twiſted are ſtrongeſt and bear 
the moſt weight; and the harder they are twiſted the 
ſooner they will break. And for the ſame reaſon if 
they be double twiſted, they will be weaker ſtill. But 
as it is very difficult to make all the fibres pull 
equally without twiſting, and impoſſible to make a 
rope hold together without it: Therefore it is neceſ- 
ſary it have as much as to prevent, the fibres from 
drawing out; and a ſmall degree will not much im- 
pair its ſtrength. 


Examete XXXII. 


_ ABCa or crane. If the ſhorter end AB be 
immerſed in a veſſel of water AD, then by applyi 
the mouth to the end C, and ſucking till the water 
8 ” ov comes, 
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comes, it will continue to flow out at the end C. as 
long as that end is lower than the ſurface of the wa- 
ter at D. If there be a mouth-piece at E, then ſuck- 
ing at E (whilſt the end C is ſtopt with the finger) 
wil make the water flow, when the finger is taken off. 
And when the water is begun to flow, the hole at E 
ſhould be topped up, or elſe the water will flow no 
longer than till the ſurface at D be as low as E. 
The reaſon of its flowing is this : the perpendicular 
height of the column of water BC being greater than 
that of BD; the preſſure at C is greater than that at 
D; and the preſſure of the atmoſphere being the 
fame at D and C; therefore the greater weight at C 
will make it flow out there; whilſt the preſſure of 
the atmoſphere at D, forces more water up the tube 
DB; and-ſo keeps it continually running as long as 
there is any water, and the end C continues lower 
than the ſurface at D. But if C is higher than D, the 
water will return back into BD. But if the height 
DB exceed the preſſure of the atmoſphere which is 
30 or 32 feet; then it cannot be made to flow out 
at theend C; or if there be a hole in the ſyphon 
higher than the ſurface at D; the air will get in, and 
the water will return through BD. Or if the ſyphon 
be very wide, the air will infinuate itſelf into the 
end C, between the water and the tube ; which will 
hinder it from running. To prevent which the end 
C may be immerſed into another veſſel of water, 
lower than the ſurface at D. If the ends of the ſy- 
phon be turned up, as FG; then the water will re- 
main in the ſyphon after it has done working, which 
in the other will all run out. 


ExamPLE XXXIII. 


CDLF a veſſel of water; AB a tube open at both 
apy, up che © OR aver, AE a ity of 
mercury put into the tu hen ſtopping 8 
let the other end A be unm:rſed deep enough in t 
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water. Then opening the end B, the will 
fink ſo deep in the tube, till the height of che water 
AB be 14 times the height of the mercury AE: 
And then the mercury will be at reſt. 

For the ſpecific gravities of water and mercury be- 
ing 1 and 14, the column of water AB will be equal 
in weight with the column of mercury AE. There- 


fore — / - wo at A being equal, they will ſuſtain 


ExaMPLE XXXIV. 


A, B, are two barometers. ed is a tube, its bore < 
or + inch diameter at leaft, cloſe at top, and commu- 
nicating with the veſſel C, with mercury in it. C is 
open to the external air. The uſe of this inftrument is 
to ſhew the weight of the atmoſphere, and its varia- 
tions. This tube and veſſel with mercury, is put into 
a frame, and hung perpendicular, Near the top of 
the tube is placed a ſcale of inches, by which the 
height of the mercury in the tube is known, and like- 
ite tals for the weather. At the top of the tube 
above the mercury, is a vacuum. Now the atmo- 
ſphere _ * * 74 at C, 
keeps the mercury at the height d in the 
— 8 which therefore Al be higher 1 accord - 
ing to the weight of the atmoſphere. The height of 
the mercury in the tube is generally 28, 29, or 30 
inches; ſeldom more. If any air get into the tube it 
ſpoils the machine. Left the quickfilver ſtick to the 
glaſs, it is good to drum a little with the fingers up- 
on it, in making any obſervation. 


Rules for obſervation of the weather. 

1. The rifing of the mercury preſages fair weather; 
and its falling, foul weather. it being generally high in 
good weather; and low in rainy or windy weather, 
| R 3 2. In 
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DESCRIPTION OF 


2. In very hot weather, the falling of the mercury 
12 thunder. 


3. In winter the riſing foretells ſroſt; and falling in 
froſty weather foretells chaw. 


4. In continual froſt, the riſing preſages ſnow. 


5. When foul weather happens ſoon aſ ter the falling 


of the mercury; or fair weather after its riſing ; ex- 
pet but little of it. 


6. In foul weather ariſing faſt and high, and con- 
tinuing ſo two or three days before Fw toul weather 


be quite over; expect a continuance of fair weather to 
follow. 


7. In fair weather, falling faſt and low, and conti- 
nuing two or three days before the rain comes; ex- 


pect a great deal of wet, and probably high winds. 


8. Unſettled motion of the mercury denotes un- 
ſettled weather. 


EXAMPLE XXXV. 


ABE is an artificial fountain, A is an open veſſel, 
B a cloſe one; E may be made cloſe by ſtopping the 
hole C; theſe veſſels all communicate by the tubes F, 
G. The tube F reaches near the top of E, and the 
tube G near the bottom of B. Pour water into C al- 
molt to the top of the pipe F; and ſtop the hole C. 
Then pour water into 27 which will run down into B. 
Then open the cock D, and the water will ſpout up 
to the height of AB above D. For the air in B, 
F, E, is condenſed by the weight of the column of 
water AB ; and its preſſure on the water in C, is equal 
to the weight of that column ; and will therefore * 


* N 
* 4 RY | ka = 
P , : J 
LEE Ly uy _ - 


; 
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the water ſpout to that-height above the water in C, 
nearly. But the pipe leading to D muſt be turned 


curve. - 
ExamMPLE XXXVI. 


A is a dart or an arrow; at A, 3 or 4 feathers are 
placed nearly in planes paſſing through the ar- 
row. If the feathers were exactly in this plane, the 
air could not ſtrike againſt the feathers, when the ar- 
row is in motion. But fince they are not ſet perfectly 
ſtreight, but always a little aſlant; whilſt the arrow 
moves forward, the air ſtrikes the ſlant ſides of the 
feathers; by which force the feathers are turned round, 
and with the feathers the arrow or reed. So there is 
generated a motion about the axis of the arrow; which 
motion will be ſwifter as they ſtand more aſlant. This 
motion is like the motion of the ſails and axle of a 
windmill, turned round by the wind. The head B 
is made of lead or iron, and will therefore go fore- 
moſt in the air; and the feathered end A the hindmoſt, 
as being lighter. An arrow will fly about 30 yards 
in a ſecond. - | 


ExaMPLE XXXVII. 


AB is a veſſel which keeps its liquor till filled to a 
certain height; and if filled higher lets it all run out. 
EFG is a crooked -pipe or crane open at both ends. 
if water be poured into the veſſel, it will continue in 
it till it riſes above F, and aſcend to the ſame height 
in the pipe EF. But riſing above F, the preſſure at 
E will make it run out through the pipe EF, till the 
ſurface of the fluid deſcend as low as E. I his is ſome- 
times called Tantalus's Cup. The funnel EFG ma 
be put in the handle of this cup; which will 
neater, 
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Examele XXXVIII. 


BC, CG are two Bones of an animal, moveable about 
the join: FK, by help of the muſcle KD. The joints 
of an mals are either ſpherical or circular, and the ca- 
vity they move in, is accordingly either ſpherical or 
circular. And the center of mction is in the center 
of the ſphere or circle, as at C Let be a weight 
hanging at B, and draw CP, CK perpendicular tq 
BY, KD. Then if the weight ſuſpended by 
the ſtrength of the muſcle XD; it will be as CX: PC 
:: W : tenſion of the muſcle KD. 

The bone BC is moved about the joint FK, by 
the ſtrength of the muſcle KD. For when the muſcie 
is contracted, the point K is moved towards D; and 
the end B towards E, about the immoveable center 
of motion C. The ſtrength of the muſcles is fur- 
prizingly great. 

Porelli (in his book de motu animalium, Part I. 
Prop 22.) computes the force of the muſcles to bend 
the arm at the elbow; and ſays a ſtrong young fel- 
low can ſuſtain at arms end, a weight of 28 lb. taking 
inn the weight of the arm. And he finds the length of 
CBto A to be in a greater proportion than that of 20 
to 1. Whence he infers the ſtrength of theſe muſcles to 
be ſo great, as to bear a flretch at leaſt of 560 lb. 

It is evident that all animal bodies are machines. 
For what are the bones but leavers, moved by a cer- 
tain power placed in the muſcles, which act as ſo 
7 2 ＋ at the bones, and moving 2 
about the joints ? Every joint repreſenting the fulcrum 
or center * at What are all > veſſels but 
tubes which contain fluids of different ſorts, deſtined 
for the uſe or motion of the ſeveral parts of the ma- 
chine? And which by opening or ſhutting certain 
valves, let out or retain their contents as occaſion re- 
quires; or convey them to diſtant places, by other 
tubes communicating therewith. And W 
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general laws of mechanics. 
EXAMPLE XXXIX. 


The motion of a man py oY Se. will , 
eaſily be accounted for. Let us ae a man ſit- 
ting in a chair; he cannot riſe from ſeat. till by 


his head and body forward, and aan 
ward, the line ot direction, or the 
— from the center of gravity, paſs through his 
feet, as the baſe. Lik when we ſtand upon our 
feet, the line of direction muſt fall between our feet. 
Otherwiſe we cannot ſtand but muſt fall down to- 
wards the ſide the center 2 ty lies on. And 
when a man ſtands firm upon his feet, his legs make 
an ĩſoceles triangle, the center of gravity lying 
tween them. And then he is not ſupported by the 
ſtrength of the muſcles, but by the bones of the legs 
and thighs, which then ſtand in a right line with one 
another. 

When a man AC endeavours to walk, he firſt ex- 
tends his hindmoſt leg and foot & almoſt to a right 
_ * at the we N = the knee H 
of his fore-leg. Thus is lengthened, 
and his — ſhortened; by this means his body is 
moved forward, till the center of gravity fllabeyood 
the fore-foot B; and then being ready to fall, he ——_ 
—_ prevents it, by taking up the hind foot, by 

the joints of the hip, knee, and ancle, and 
barns Fro — it forward to T beyond the center 
of — : — thus he gains a new ſtation. Af- 
ter the ſame manner by extending the foot and leg 
HB, and forward the center 2 „ be- 


yond the foot 5, 8 for- 
ward, . S 
continued at 


His two fone do act go in cne right Kee, butia we 
lines parallel to one another. Therefore a man walk- 


cruſt _ 


ing 


theſe motions of an animal body are ſubject to the 710. 
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ing has a libratory motion, from one ſide to the other: 
And it is not poſſible to walk in a ric: line. 

Walking on plain ground is eaſy, pleaſant, and 
performed with little labour. But in going up hill 
is very laborious, by reaſon of the great flexure of the 
joints required to aſcend, and their ſuffering m re 
ſtreſs from the weight of the body in that poſition. 
Deſcending down hill is, for the ſame reaſon, more 
laborious, than walking on plain ground, but not fo 
bad as aſcending 

The walking of birds is not unlike that of men; 
only their weight is entirely ſupported by the ſtrength 
ct the muſcles ; ſince their joints are always bent. Al- 
ſo their feet go in two parallel lines. 

A man in walking always ſets down one foot be- 
fore the other be taken up: And therefcre at every 
tep he has both feet upon the ground. But in run- 
ning he never ſcis one down t the other be u. So 
that at each ſtep he has but one foot upon the ground, 
and all the intermediate time, none. A good foot- 
man will run 400 yards in a minute. 


ExauPpLT XI. 


When a Feaſt ſtands, the line of gravity muſt fall 
within the quadrilateral made by his tour feet. And 
when he walks, he has always 3 feet on the ground, 
and one up. Suppole he firſt takes up the hind ſoot C. 
Before he does this, by extending his leg backwards, 
he thruſts forward his body and the center of gravity, 
then taking up the foot C he moves it forward to F. 


Then he immediately takes up the forefoot B on the 


fame ſide, and carries it to H; then he takes up the 
hind foot D, and tranſlates it forward ; and then the 
forefoot A; then F again, and fo on. 

When he trots, he takes up two together, and ſets 
down two together, diagonally * 

When he gallops, he takes up his feet one by one, 
and ſets them down one by one; though ſome ani- 
: mals 
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mals ſtrike with the two forefeet nearly at once, and x16. 


257 


the two hind feet near at once, and have not above 224. 


two feet on the ground at once. A good horſe will 
run half a mile in a minute, 

Animals with 6 or more feet, take up the hind- 
moſt firſt; then the next. and then the next in or- 
der, to the foremoſt, all on one ſide; and after that all 
the feet on the other (ide in the ſame order beginni 
at the laſt. It they were to take up the foremo 
firit, the animals would move backward. ' 


ExameLe XILI. 


AD is a bird flying in the air, by help of the 
wings F, T; and hs tail C. The ſtructure of their 
wings are ſuch, that in ſtriking downward they expand 
to their greateit breadth, andbecome almoſt two planes, 
being ſomething hollow on the underſide. And theſe 
planes are not then horizontal, but inclined, fo that 
the back part K is higher than the fore part DFG. 
But in moving the wings upward to fetch a new 
ſtroke, they go with the edge DFG foremoſt, and the 
wings contract and become hollow. Their bodies 

are ſpecifically lighter than men or beaſts. Their 
— and feathers are extremely porous, hollow, and 
light. The muſcles by which their wings are moved 
downwards are exceeding large, being not leſs than 

a ſixth part of the weight of the whole body. When 
a bird | is upon the ground and intends to fly, he takes 
a large leap; and ſtretching his wings right from his 


body, he ſtrikes them downwards with great force, 


by which they are put into an oblique poſition ; and 


the reſiſtance of the air, acting ſtrongly againſt them 
by the ſtroke, impells them, and the bird, in a di- 
rection ——— to their planes: which is . 

oblique direction, or — and o- 
rizontally forward: 1.4 of the force Lin No up- 
wards is deſtroyed by he w weight of the bird; the ho- 
rizontal force ſerves to carry him forward. *. 4 
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DESCRIPTION OF 
ſtroke being over, he moves his wings upwards, which 
being contracted, and turning their edges upward, they 
cut through the air without any reſiſtance ; and being 
ſufficiently elevated, he takes a ſecond ſtroke down- 
wards, and the impulſe of the air moves him for- 
wards as before. And ſo from one ſtroke to ano- 
ther ; which are only like ſo many leaps taken in the 


air. 

When he has a mind to turn to the right or left, 
he ſtrikes ſtrongly with the oppoſite wing. which 
impells him to the contrary fide, The tail acts like 
the rudder of a ſhip, except only that it moves him 
upwards or downwards inſtead of fideways; becauſe its 

ane is horizontal. If a bird wants to riſe, he puts 
bis tail into the poſition LH; or if he would fall, in- 
to the poſition LI. Whilſt it is in the horizontal po- 
ſition LC, it keeps him ſteady. 

A bird can by ſpreading his wings continue to 
move horizontally for ſome time, without ſtriking. 
For having acquired a ſufficient velocity; by keeping 
his wings parallel to the horizon, they meet with no 
reſiſtance; and when he, begins to fall by his weight, 
he can eaſily ſteer himſelf upward by his tail; till his 
motion be almoſt ſpent, and then he muſt renew it 
by two or three more ſtrokes of his wings. When 
he lights, he expands his wings and tail full a- 
12 that they may meet with all the re- 
iſtance poſſible. The center of gravity of a bird is 
ſomething behind the wings ; to remedy which, they 


gravity more fo 

It is impoſſible that ever Men can fly, by the 

ſtrength of their arms. For their muſcles are 

vaſtly too weak to ſupport ſuch a weight. For in a 

not the Goth part of the reſt of the 
: But in 
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EXAMPLE XLII. 


AB is a % ſwimming; which he does by help of 
his fins and tail. A ih is nearly of the ſame ſpecific 
gravity as water; po moſt fiſh have a bladder L, 
which they can expand or contract, and ſo make 
themſelves lighter or heavier than water, in order to 
riſe or fall in it. The muſcular force by which the tail 
is moved, is very The direct motion of a fiſh is 
by means ot his tail BCD, moving from one fide to 
the other with a vibrating motion. Which he per- 
forms thus : Su his tail in the poſition FV, be- 
ing about to move it ſucceſſively to H. I and K; he 
turns the end G oblique to the water, which 
moved ſwiftly through it in that polition ; the 
tance of the water acts obliquely againſt his tail and 
moves him partly forward and partly laterally. 
lateral motion is corrected the next ſtroke, the con- 
trary way ; but the ve motion is conti 
always orward. When his tail is arrived at K, 
turns its obliquity the contrary way; that in 
back to G, it may ſtrike the water in the 
ner as before. And thus he makes one 
another, and moves forward 
— The oblique polition of his 
owing to the elaſticity of his tail, 4 At 
is put into that form by the reſiſtance of the 
They can exert a very great force with their tail, 
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which is neceſſary, to overcome the reſiſtance which 
their bodies meet with in the water. By help of the 
tail they alſo turn to one ſide ; by ſtriking ſtrongly 
with it on that ide; and keeping i t bent, which then 
The fins fiſh 

the fins 

would 
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DESCRIPTION OF 


 F16+ can with pleaſure ; and putting them in a proper 
"on fition. His tail will 15 help him to riſe and El. 


by inclining it obliquely, and turning a little, from 
an erect poſition, to one ſide. Fiſh can ſwim but flow, 
ſome of them will ſwim 70 or 80 yards in a mi- 
nute ; but they ſoon tire. 
Brutes can ſwim naturally, for they are ſpecifical 


lighter than water; and moms to have but a ſmall 
or 


part of their head out, for breathing. Alſo they na- 
turally uſe their legs in ſwimming, after the ſame 
manner as they do when walking. | 

Birds ſwim very eaſily, being much lighter than 
water; and readily move themſelves along with their 
web feet. 

Men cannot ſwim naturally, though ny are ſpe- 
cifically lighter than water. For their s are very 
large, require to be almoſt all out of the water 
for breathing. And their way of ſtriking has no rela- 
tion to that of walking. Men attain the art of ſwim- 
ming by practice and induſtry. And this art conſiſts 
in ſtriking alternately with the hands and feet in the 
water ; which like oars, will row him forward. When 
he ſtrikes with his hands, he neither keeps the palms 
parallel nor perpendicular to the horizon; but inclin- 
ed. And his hands ſtriking the water obliquely, the 
reſiſtance of the water moves him partly upward, and 
partly forward. Whilſt his hands are ſtriking, he 
and when the ſtroke of 

is arms is over, he ſtrikes with his feet, by ex- 
tending his legs, and thruſting the ſoles of his feet full 
againſt the water. And while he ſtrikes with his legs, 


he brings about his arms for a new ſtroke; and ſo 


on alternately. He muſt keep his body a little oblique, 


that he may more eaſily erect his head, and keep his 


mouth above water. 

ties, powers, operties machine be ex- 
ained and accounted for, by ahead principles. 
ſhall proceed to lay down a ſhort deſcription of 


Set. XIII. COMPOUND ENGINES. 


ſeveral other machines, without being fo particular in 
the calculation of their powers and forces. The me- 
chaniſm of which being underſtood, will aſſiſt the in- 
vention of the practical Mechanic, in contriving a ma- 
chine for any uſe. 


EXAMPLE XLIII. 


Ja machine to raiſe a weight, and ſtay it in any 
poſition. CD a roller turned by the handle E. to 
the roller is fixt the wheel F. GH is a piece of mettle 
moveable about H, and forked at the end G, where 
it falls into the teeth of the wheel F. As the roller is 
turned, the weight is raiſed by the rope IKL. And the 
piece G, ſlides freely over the teeth of the wheel; till the 
machine is ſtopt, and then the piece G falling in be- 
tween the teeth, keeps the wheel fixt there, that it 
cannot turn back again with the weight. 


ExamelLeE XLIV. 

KI is a machine to raiſe or depreſs the leaver GH, 
moveable about an axis at H, and to keep it at any 
poſition. M a ſtring fixt at 7, and a, and going in 
the order abcdef, through the holes 5, c, d, e. IK 
being put up or down, raiſes or lowers the beam 
GH, at pleaſure. And more or fewer holes may be 
made in the piece IK, as occaſion requires. 


ExameLE XLYV, 


CD another machine to ſtay a weight in any poſi- 
tion. This is only a cylinder of wood, upon which 
is cut a channel for the rope to go in. If the weight 
B be lifted up, and A pulled down; then B will re- 
main in any given poſition, by the friction of the cy- 


linder and rope. And there may be taken as many 
ime ot the rage alu the cylindar, as there is occa- 
Or. EE 
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230. Examele XLVI. 


carrying the two wheels A and 
F a pulley. ADBFA an 
the weight is n, draw the 
weight C riſe to the top; then the 
wheel A from turning backwards. 


ExXAaMPLE XLVIL 
231. ADB a machine for reckoning the number of 


ſtrokes or vibrations made. DH © a wheel 
pon the neck of which axis 


counter 


F . 


goes 4 


AB is moved from A 


. every 
forward ; the wheel is moved the breadth of one 


And if the teeth be numbered, the index M will ſhew 
when the wheel has made one revolution. 


ExameLe XLVIII. 


232. 
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one. Upon the inner ring is fixed a concentric arch 
of a wheel de, having teeth in it, which are driven 
round by the threads of an endleſs ſcrew DF, turnin 
in a collar at E, and 1 a point at F, both fix 
to the outward ring. By means of this ſcrew, any 

int of the circle abe may be ſet to a given point of 
the circle AB, by turning the ſcrew DEF. 


ExamPeLE XLIX. 


ABE is a crane for hoiſting goods up. AF is a 
double wheel, within which a man 4 walks, and by 
his weight raiſes the weight V, by help of the rope 
FBEW. which goes round the axis of the wheel at 
F. At D are 2 pullies, one vertical and one horizontal; 
the vertical pulley facilitates the motion of the rope 
in hoiſting the weight; and the horizontal one ſerves 
for the rope to run on, when the crane CDE and 
weight are drawn aſide, by the rope GH, in order 
to be lowered. CDE moves about the axis BC. At 
E is another pulley, for the rope to run on. If the 
rope FBE] go about a pulley at J, and be fixr with 
its end at E, the crane will lift twice the weight. 


ExameLe L. 


AB a ſailing chariot. This is diven by the wind by 
help of the fails C, D. R is the rudder. The 
wheels muſt be ſer at a greater diſtance, or the axletree 
made longer, than in common chariots, to prevent 
0 


— Sailing chariots are proper for large 
planes champion countries; and are ſaid to be 
frequent in China. 


ExameLe LI. 
BE is a ſmoak jack. AB is a horizontal wheel 


wherein the wings or fails are inclined to the horizon. 
The ſmoak or rarefied air moving up h 
8 
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F 1 G. B, ſtrikes theſe ſails, which being oblique, are therefore 

233- moved about the axis of the wheel, together with the 

pinion C, C carries the wheel D and E; and E car- 

ries the chain or rope F, which turns the ſpit. The 

wheel AB muſt be placed in the ſtrait part of the 

chimney, where the motion of the air is ſwifteſt ; and 

that the greateſt part of it may ſtrike upon the 

fails. The force of this machine is ſo much greater as 
the fire is greater. | 


ExameLeE LII. 


6. An engine to make a hammer ſtrike. W the water 
23% wheel 7 or 8 yards diameter. D, D the floats. 
BC the axle 3 or 4 feet diameter. H the hammer 3 
or 400 weight, moveable about the axis OP. 7, K 
four cogs 1n the axis lifting up the hammer as the 
axis r that it may fall on the anvil A. 
FG a of wood acting as a ſpring to give the 
greater force to the hammer. the courſe of the 
water, down an inclined plane. M the place where it 
iſſues out. LM the perp. height of the water, 3 yards. 
— = machine, except the water wheel is within the 
uſe. 

237- A hammer may alſo be made to ſtrike thus; 

A'is the hammer moveable about the point C, G the 
axle of a water wheel, in which axis are the pins F, E, 1 
&c. As the wheel and axis goes about from F to- 
wards E, the pins F, E thruſt down the end B, and 
raiſe the end A of the hammer. And when the end 
— 5 7 off the pin; the hammer falls upon the an- 

þ ExamPLe LIII. 

238, I 
IT I a crooked axis or elbow for the ſuckers of 7 
f pumps. I the peſtle or chain of the ſucker. Upon 1 
the axis is the lantern EF which is turned by a great 
wheel, carried either by water, or men, or horſes. 
The peſtles IX riſe and fall alternately, as the lan- 
tern 


gect. XIII, COMPOUND ENGINES. 259 


tern EF goes about; and each gives one ſtroke of the 710. 
mp for one turn of the lantern, Place pullies or 238. 

rolls at a, þ, c, d, for the chain IK to work —_ 

when it goes out of its perpendicular poſition ; by 

obliquity of the motion of the cranks 7, 7. 


ExameLEe LIV. 


ABCD a particular combination of pullies. 7, 7, 2296 
T are poſts to which the tackles are fixt. 5, 5, S 
are ſtays to keep them erect. If the power at A be 
1, that at B is 3; at C, 93 and at D 27, where 
the weight is placed. 


ExamPLe LV. 


A, B are two bellows going by water, and blowing 240. 
alternately, but neither of them with a continual 
blaſt; the water wheel. DE the direction of the 
water. FG the axis of the wheel; a, a, &c. four 
cogs of wood in the axis, forcing down the end of the 
bellows A. 5, b, &c. 4 cogs forcing down the end 
of the bellows B. LM, NI two rods of iron, faſt- 
ened to the bellows and to the leaver MN, and 
moveable about the pins M, N. SP a piece of timber 

moveable about & and P. OP a beam ſerving for a 
14 ſpring, lying over the piece of timber QR. As the 

FT wheel and axle turns round, a cogg & forces down 

| the end of the bellows B and makes it blow; this pulls 
4 down the end N and raiſes the end M of the leaver 
L MN, which raiſes the bellows 4. And when the 
cogg ô goes off; the bellows B ceaſe blowing; and 
a cogg 4 forces down the bellows A, and makes it 
blow ; and at the ſame time raiſes the bellows B. 
And thus the a, b alternately force down the 
bellows 4, B make them blow in their turns. H 
is the hearth or fire. | 


A pair of bellows * be moved by water * 
2 


DESCRIPTION OF 


110. A is a water wheel carried by the water at V. CD 

241. a rod of iron going on the crooked axle - tree of the 
wheel; DF a leaver moveable about E. FG a chain 
going to the bellows B. Ja weight. As the wheel 
goes about, the ends D and F of the leaver DF, riſe 
and fall; which motion raiſes the bellows, and the 
weight J carries them down again. 


ExamPLeE LVI. 


242. I i a wheel with teeth and a Roller to draw up 
any weight. H, H, H the handles, which may be 
wrought by two or three men. 


"P But the eaſieſt and ſimpleſt rollers for common uſe 
*4* are ſuch as C and D. 


ExameLE LVII. 


245. An engine to drive piles. A the rammer, drawn up 
by the rope BCD going over the pulley C. DN, DN 
ſeveral ſmall ropes for ſeveral men to pull at. M the 
pile. EF a brace and ladder to go up. The ram- 
mer 4 is bound at bottom with iron leſt it ſplit ; and 
has two tenants on the backſide, to keep it in the 

grooves made in the upright puncheons G, H, by 

| which its motion is directed. The rammer is raiſed to 
| the top by men pulling at the ropes DN, and then 
| letting go, all at once, it falls upon the head of the 

| Pie fl. 5 

' | Old piles are drawn out, by ſtriki tly u 

their heads; whilſt they are pulled 3 — 

? | | ſtretched. 7 

'F ExameLeE LVIIL 


| 246, , ACL a pair of /mith's bellows. AL, BL, CL are 
F three boards, the middle board BL divides the inter- 
! nal ſpace into two parts. In the middle board is a 
| valve & opening into the upper part; and in ag — 


gn” TY Uo© Vv vw 
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board is another valve 7 opening into the under x16. 


part. The pipe P communicates only with the up- 

cavity. DE a leaver moveable about the axis GH. 
At I a weight is laid upon the upper board to make 
it fall. The bellows is fixed in the frame MK, by two 
iron pins which are faſt in the middle boaud. And 


the pipe P lies upon the hearth. When the end E is 


pulled down by the rope EF, the end D is raiſed, 
and the rope or chain DR raiſes the lower board CL, 
this ſhuts the valve T and opens S, and the air is forc- 
ed into the upper cavity, which raiſes the upper board 
and blows through the pipe P. And when Eis raiſed, 
the boards A and C deſcend, and the valve $ ſhuts, 
and T opens. And the weight 7 forces the air ſtill 
out of the pipe, whilſt more air enters in at the valve 
T, which, when C aſcends, is forced again through the 
valve $ as before. And thus the bellows have a 
continual blaſt, 


ExaMPLE LIX. 


An engine to raiſe water. LMOT a great horizontal 
wheel. ABP the axis, P the pevot or ſpindle it turns 
upon. O the waves of the great wheel, Ra 
ſmall wheel perpendicular to the horizon, and placed 
under the edge of the great wheel, this wheel is move- 
able about the center E in the end of the leaver EFC 
which is moveable about the center D; EF the arch of 
a circle, whoſe plain is perpendicular to the horizon, and 
in the plain of the wheel YR. EG the chain of a 
pump. 

Whilſt the great wheel, is turned by the leaver NA., 
from O towards J; the wave Q prefſes down the 
wheel R, and raiſes the end E. which draws up the 
water in the pump G. But when the deepeſt part of 
the wave is paſt the wheel N, the wheel then 
riſes up into the hollow S, and then the chain EG de- 
ſcends, till the next wave raiſes it again. And thus 
every wave makes a ſtroke of the pump. EAN 
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DESCRIPTION OP 
The wheel QR is placed there only to avoid frio- 


247. tion, and ſo that a perpendicular to its plane may paſs 


through AB. If the number of waves be odd, and 
another 2 wheel and leaver be placed diametrical- 
ly oppohite, on the other ſide of the great wheel; 
then theſe acting by turns will keep the motion uni- 
form, and the power at N will always a& equally. 


Examels LX. 


BFG a Carftain, to draw great weights. BC the 
axis which is driven about by men acting at A, A, by 
help of the leavers AB, AB. Here muſt only be 3 
or 4 ſpires of the rope DCE folded about the axis BC 
tor the axis could not hold fo much rope as there is 
ſometimes occaſion for. And to hinder the rope from 
ſlipping back, a man- conſtantly pulls at E to keep it 
tight. And the axis made conical or rather angular at 
the bottom C; to keep the rope from going any lower, 
whilſt the capſtain goes about. 


Example LXI. 


AL is a Jact to liſt great weights. E is a pinion 
upon the axis FG, GC a toothed wheel, and D 
a pinion upon the ſame axis, working in the teeth of 
the rack 4B. The whole is incloſed in a ſtrong caſe, 
KL, all of metal. The handle GH goes on the axis 
FG on the backſide of the caſe, 

When a weight is to be lifted, the forked end is 

t under the weight; then turning the handle 
HI, the pinion E moves the wheel GC, with the pi- 
nion D; and D raifes the rack AB, with the weight. 


Exaurrx LXII, 
An engine to raiſe and let fall two weights with con- 


trary motions — + whilſt the moving power 
acts always one way. GHa great horizontal wheel. N, 
M 


% 
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M two lanterns, ſo placed on the axis AB, that the 210. 


the cog wheel GH is turned by the leaver LI; it 
turns the lantern M, and raiſes the bucket E, whilt 
F deſcends. Then E being raiſed, moves forward the 
axis AB, that the lantern M may leave the wheel, 
and N come to it. Then the great wheel moving the 
ſame way as before, will now work upon NM, and turn 
the axis the contrary way, and raiſe the bucket F 
whilſt E deſcends. which done, move the axis back 


towards A, and you will again raiſe the bucket E; and 


ſo on. 

This may alſo be performed by png the lanterns 
M, N, ſo, that the great wheel may work them 
both at once; but making them moveable about the 
axis AB. Then there muſt be a pin to faſten either 
of them to the axis; ſo that firſt one lantern and then 
the other being thus fixt to the axis, whilſt the other 
is looſe 3 the buckets E, F will aſcend and deſcend al- 


ternately. 
ExameLE LXIII. 


A mill for iron-work, AB the ſlitting mill; CD the 
plate mill. S the clipping mill. E, F are two t 
water wheels. After the water 1s paſt the wheel E, 
moving in direction ; it comes about to the 
wheel F, in direction XY. The water wheel E with 
the lantern G on the ſame axis, carries the ſpur wheels 
M and H, with the cylinders B and D. And the 
wheel F with the lantern I carries the wheels N and 
KX, with the cylinders A and C. The cylinders Aand 
B, as alſo C and D run contrary ways about. And 
the cylinders A and B are cut into teeth, for ſlitting 
iron bars. C, D are 8 inches diameter; A and B 
about 12. And theſe cylinders may be taken cut 
and others put in, and may be brought nearer to, 
or farther from one another, by help of ſcrews, 
which ſcrew up the ſockets where the axles run. 

84 The 


t wheel can only work one of them at once. When 250. 


251. 
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DESCRIPTION OF 


The axles of N, I, K lye all in one horizontal plane, 
And fo do M, G, H. But the cylinders A, B, and 
alſo C, D, lye one above another, 

For making the plates; if a bar of iron be heated 
and made thin at the end, and that end put in be- 
tween the cylinders C, D whilſt the mil! is going ; the 
motion of the cylinders draw it through on the other 
fide, into a thin plate. Likewiſe a bar of iron, being 
heated and thinned at the end, and put in between 
the toothed cylinders A, B; it is drawn _ on 
the other ſide and lit into ſeveral pieces, or ſtrings. 
And then if there be occaſion, any of theſe ſtrings may 
be put through the plate mill with the ſame heat, and 
made into plates. | 

OPY is the ſheers for clipping bars of cold iron 
ir to lengths, Va cog in the axis of the water wheel, 
OP one fide of the ſheers made of ſtee] and move- 
able about P. The plane LPR is perpendicular to 
the horigon. When the mill goes about, the cog / 
raiſes the fide OP, which as it riſes clips the bar 72. 
into two, by the edges SP, RP. All the engine, 
except the water wheels E, F is within the houſe. 


ExameLeE LXIV. 


AFC a Windmill to frighten birds from corn or 
fruit. This is made of wood. The fais F, F a 
fpot long, and their planes inclined to the axis BC, 45 
or 50 degrees. The piece B goes upon the end of 
the axis BC, and is pinned faſt on, and the fails and 
axis turn round together; and the axis goes through 
the board AD; and is kept from flying out of the 
hole, by the piece B pinned faſt. The whole machine 
is moveable about the perpendicular ſtaff 4G, by 
which means the wind turns the mill about the axis 
AG, till the plane AD lies directly from the wind; 
and then the fails face it. At & is a ſpring to knack 
as it goes about; and the like on the other fide. 
EXAMPLE 


- 
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Examelce LXV. 


An Anemoſcope, to ſhew the turnings of the wind. 
CD is a weather cock of thin metal, fixt faſt to the 
long perpendicular axis DF, which turns with the 
leaſt wind upon the foot F, and goes through the top 
of the houſe RS. To this axis is fixt the pinion A, 
which works in the crown wheel B, of an equal number 
of teeth. The crown wheel is fixt on the axis PI, on 
the end of which the index NS is fixed. The axis 
PI goes through the wall LM, againſt the wall is 
placed the circle NESW, wirh the points of the 
compaſs round it. Then if the vane CD be ſet to 
the north, and at the ſame time the index SN faxt 
on the axis PI, to point at S. Then however the 
wind varies, it will turn the vane CD, and pinion A, 
and A turns the wheel B with the index N; ſo that 
the index will always be directed to the oppoſite point 
of the compaſs to the vane DC; or to the ſame as the 
wind is in. 


ExaurE LXVI. 


DEF is a rag: pump, or chain pump. E the bar- 
rel. CD the roller. GH an endleſs chain, to which 
are fixed ſeveral leather buckets J, I, hollow on the 
upper fide that aſcends. AB the handle. The uſe of 
this is to cleanſe foul waters from dirt and rubbiſh. 
The toller is ribbed to hinder the chain from ſlip- 
p'ng, in working. When the roller is turned, it draws 
up the chain through the pump, with whatever is in 
the water, and diſcharges it at the top. 


Examets LXVII. 


A Dyer's and Fuller's mill. A the great wheel car- 
ried about by horſes. This turns the trundles B, C, 


266 
FIG. 
265. 


256, 


2, 2; which work the 


DESCRIPTION OF 
D; together with E, F, G. Then E turns the cog 
wheel //, with the axis IK, and the croſs pieces L, L. 
1, I Kc. are pullies or rollers. MN, MN wooden 


beaters turning upon an axis paſſing through N. N. 


Whilſt the axis IK turns about, the end & ſlides along 
the pulley 1, and falling off, the part M ſtrikes 
againi. the cloth in the trough at O, O. The lan- 
tern Y carries the cog wheel P, and the cranks 
pumps T, T by help of 
tho lers RS, moveable about a. The trundle 
G Carre ive cor wheels and V, and carries 
the Uunuic A, with the piſton 7 that grinds the 
indigo in the veſſel cd; from whence it flows to the 
veſſel Z. The ends m, mm. &c. of all the axles run in 
pieces of timber going croſs the mill. and faſtened to 
one another, and to the walls of the houſe. 


ExampLE LXVIII. 


A machine to empty ſtanding water. This is no 
more than a large pipe or cyphon ABC, being ex- 
tremely cloſe and tight that no air can get in. 

If the pool of water DE is to be emptied over the 
hill DH; let the pipe be placed with its mouth A 
within the water DE, and the mouth C within the wa- 
ter FG, if the pipe be very large. Then ſtop up 4 
and C, and fill the pipe with water by the cock B at 
the top. Then ſtopping the cock B very cloſe, open 
Aand ©; and the water will flow through the pipe, 
from DE into FG, which may run over at F, at a 
ſmall height above C, and go away. 

Note, the end C muſt always be lower than 4, 
and the height of the top B aboveDE muſt not exceed 
11 yards; for it do, the water will not flow. If the 


pipe be very d 
in the water; but if large it muſt; or elſe the air 
will inſinuate itſelf into the pipe at C, and hinder 
the flux of the water. 

EXAMPLE 


ſtrait, the end C need not be immerſed 


8 
f 
: 


threads 
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ExamelE LXIX. 


EFGH is a Coal Gin. E the cog-wheeel 11 feet 
diameter, and 72 cogs ; this carries the trundle F, 
near 2 feet diameter, and 12 rounds, together with 
the roll G, 4 feet diameter. AH is the ſtart 20 feet 
long. The axis AB runs upon the kevyſtock C. 
There are two croſs trees I, at the top, thro' which 
the axis AB goes. Theſe croſs trees are ſupported by 
four poſts KL at the four corners. When the coals 
are to be drawn up out of the pit, two horſes are 
yoaked at [7 and go round in the path OD, and 
draw the wheel about And whilſt the loaded corf 
N, is drawn up to the top of the ſhaft M, by the rope 
going round the roll; the empty one at the other 
end of the rope is deſcending to the bottom. And 
the loaded corf N being taken off and an em- 
pty one put on; the horſes are turned, and made to 
draw the contrary way about; till the other corf 
comes to the top loaded: And ſo as one corf aſcends, 
the other deſcends, alternately. A corf of coals 
weighs about 5 hundred weight, and contains about 
4 + buſhels. A pit is 40 or 530 fathom deep. And 
59 fathom of the rope weighs about 3 woes weight, 


ExamPLE- LXX. 


A worm jack for turning aſpit. ABC the barrel 
round which the cord 2R is wound. KL the main 
wheel of 60 teeth. N the worm wheel of about 30 
teeth cut obliquely. LM the pinion of 15 or 16. 
O the worm or *. ſcrew, on 4 4 

ing round making an angle wi 
e 6s os 75 . X the ſtud, 2 the loop of 
the worm ſpindle. P a heavy wheel or fly to make 
the motion uniform. DG the ſtruck wheel fixt to the 
axis FD. 5, S ſeveral holes in the frame, to nail i 
to a board, which is to be nailed againſt a wall; 


7 


258. 


9 — / 
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DESCRIPTION OF 


210. end D going through it. Vi the handle going upon 


258. the axis ET, to wind up the weight when down. R 


are fixed pulleys, / moveable pullies with the weight. 
The axis ET is fixt in the barrel AC, and this axis 
being hollow, both it and the barrel turn round upon 
the axis FD, which is fixt to the wheel XL, turning 
in the order BT A; but cannot turn the contrary wa 
by reaſon of 2 catch nailed to the end AB, whic 
lays hold of the croſs bars in the wheel LK. 

The weight, by means of the cord 9R, carries 
about the barrel AB, which by means of the catch, 
carries the wheel XL, which carries the nut LM 
and wheel N, which carries the worm O with the fly 


. Alſo the wheel LM carries the axis FD with the 
wheel DG, which carries the cord or chain, that goes 


about the ſpit head (a wheel like DG) which turns 
the ſpit. 1 he more pullies at R and V, the longer 
the jack will go; but then the weight muſt be 
greater. | 

The catch lies between the end AB of the barrel 
and the wheel KL, and is thus deſcribed. F the bar- 
rel, » the main ſpindle, dr a tumbler moving eaſy 
on the center pin a, faſtened to an iron plate, nailed 
to the barrel. & a collar of iron turning a little ſtiff 


on the . from this proceeds the tongue be, 
thro 


paſſing through the hole c in the tumbler, r the catch 
of the tumbler. Now whilſt the barrel with the catch 
is turned about in the order efg, upon the axis a; the 
collar is drawn about by the tongue bc, which 
tongue acting backwards turns the tumbler about the 


center 4, and depreſſes the catch r. But the barrel 


being turned the contrary way, the tongue then acts 
towards d, this depreſſes the end d. and raiſes the catch 


r, which then takes the croſs bars of the main 


wheel, and the barrel. This catch would alſo 
: ſerve for a 
becauſe it makes no noiſe in winding up. 


» and is better than a ſpring catch, 


Nate, the jack need not be placed ſo, that the 


axis FD be parallel to the ſpit; but any way it 


can 
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can conveniently. For it is no matter whether the FIG. 
chain croſſes or not. 


ExamPpLEe LXXI. 


DAF the Hdreſtabical bellows. AB, EF two flat 
boards of oak, the ſides AE, BF of leather joined ve- 59 
ry cloſe to the top and bottom, with ſtrong nails. 

CD a pipe ſcrewed into the piece of braſs in the top 

at C. If a man blows in at the pipe DC, he will 
raiſe a great weight laid upon the board AB, or if 

he ſtands upon the board AB, he may eafily blow 
himſelf up, by blowing ſtrongly into the pipe DC. 

If water be poured in at D, till the bellows and pipe 

be full; the preſſure upon AB within, will lift as much 
weight upon the top AB, as is equal to a cylinder of 
water, whoſe baſe is AB and height CD. 


ExamPLEe LXXII. 


ADM is a water-mill for grinding com. 4 260. 
the water wheel 16 feet diameter, BC its axis. 
D the cog wheel, with 48 cogs. O a trundle, with 
g rounds, LI its axis. MN the ſtones, 6 or 7 feet 
diameter. The lower ſtone N is fixt immoveable 
on beams of wood ; and the upper ſtone is fixt to 
: indle LI, by a piece of iron called the rind, fixt in 

lower fide of the ſtone, to go ſquare upon the 
fondle between which and the one there is room 
left for the corn to fall through upon the lower ſtone. 
The ſpindle goes through the lower ſtone and is made 


fo take with a mma tad, as to turn round in it 
eaſily. The upper ſtone and the ſpindle LT is ſup- 
ported with the end Jupon a horizontal wood 


FE called the bridge, the end F being fixed 
_——_— pon the beam HG fixt at G, « 
he end 


H is 5 ap by the li 
| HK, by help of a wedge 2 K By chis 


we — Ll c-_ 1 „ 23 2 — 9 — „ 2 


11111 
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DESCRIPTION OF 
upper ſtone may be raiſed or lowered. For if XK be 


260. raiſed with the leaver Kk; the end E, the axis LI 


with the ſtone M, and the piece GH are all raiſed 
and may be fixed there by the wedge K. Thus the 
ſtones may be ſet as near or far off, as you will. The 
lower ſtone is broader than the upper ohe, and is ih- 
cloſed with the boards all around as 4b, cloſe to the 
lower ſtone, and above the edge of the under one, to 
keep the meal in. And through one fide of the 
boards is a hole called the miil-eye, through which 
the meal runs out into a trough. 

The ſurfaces of the millſtones are not flat but conical; 
the upper one an inch hollow, the under one ſwells 
up à of an inch. Sothe two ſtones are wider nearer the 
center, and come nearer and nearer, towards the cir- 
cumference ; which gives room to the corn to go in 
as far as 3 of the radius, where it begins to be ground. 
The upper ſtone has a dancing motion up and down, 
by the ſpringing of the bridge, which helps to grind 
the corn. The flower as ſoon as made, is thrown to 
the outſide by the circulation of the ſtone and the air, 
and riven out at the mill eye. The quantity of flower 


ome is nearly as the velocity and weight of the 
one. 


The ſtone ought not to go round above once 
3 the h hich fall 

corn is into S, whi | 
down to the de FF rune the hole at 22 
the ſtone M. And the axis LM may be taken off 
and is made with 6 or $ angles, which as it turns 
about, ſhakes the end of the ſhoe, and keeps the 
corn always running down. P is the direction of 
the water, which aCting againſt the floats R, carries 
about the wheel 4 and cog wheel D, which cog 
wheel carries the lantern or trundle O, and the upper 
ſtone MA that grinds the corn. This is called an un- 


derſhot mill where the water comes underneath. But 


if the water comes over the top of the wheel at A, 
it is called an overfall or overſhot mill. This requires 
leſs water than an underſhot mill ; but there isnot con- 
venience in all places to make them. A 
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A breaſt mill is that where the water is delivered 51 0. 
into boxes, at about the height of the axis of the 260. 
wheel, and moves the wheel by its weight. This re- 


quires more water than either of the other ſorts. 

The diameter of the wheel A muſt not be too 
large, for then it will move too flow ; nor too little, 
for then it will want power, When a mill u in 
perfection, the velocity of the floats, wings, or 
hands R upon the water wheel, muſt be + the velo- 
city of the water. A wheel for an overfall mill 
is in form of fig. 282. Sometimes one water wheel A 
carries two pair of ſtones, and then two cog wheels 
D are put upon the axis BC, which carry two trun- 
dles with the ſtones. Otherwiſe the cog wheel D 
carries a trundle O and ſpur wheel, which ſpur wheel 
carries two lanterns with the ſtones, one lantern on 
each fide the wheel. Or ſometimes, the ſame cog- 
wheel D carries another lantern and cogwheel whoſe 
axis is parallel to the horizon; and this cogwheei car- 
ries another lantern with the ſtones. In theſe caſes 
when one pair of ſtones is to ſtand ſtill; there is ei- 
ther a looſe round to be taken out of its lan- 
tern; or elſe the bridge EF is ſhifted towards H, till 
the lantern O be clear of the teeth of D.. A good over- 
fall mill will grind 2 4 or 3 buſhels of corn in an hour; 
and requires 100 hogſhead of water for an hour, hav- 
ing 10 or 12 feet fall. 

The higher fall the water has, the leſs of it will 
ſerve to carry the mill. It is brought to the wheel by 
a narrow channel called the mill race, in an un 


mill: or by a trough in an overfall mill. The water 


is kept up in the mill-dam, and let out by the pen- 
ſtock, when the mill is to go. The penſtock is 
raiſed or let down by help of a 3 The penſtock 
being raiſed, opens a paſſage to the water 10 or 12 
inches wide, through which it flows to the wheel. 
And when the mill is to ſtop, the penſtock is let 
down, and the orifice ſtopt. 


EXAMPLE 


291 


282. 
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263. 


DESCRIPTION OF 
Example LXXIII. 


AB is a Trap to catch vermin in, made of boards. 
GH a piece of wood ſuſpended over the bar IL, by 
the leaver DE moveable about D, and the thread FE 
tied to the ſtart CK. Im a piece of flat wood move- 
able about In, and lying on the bottom, whoſe end 
B comes through a hole in the fide, in which is a 
catch to take hold of the end K of the ſtart, when 
the trap is ſet. When the vermin go mto the trap, 
they tread upon the board /nB, on which a bait is 
laid, which puts down the end B; and the ſtart CK 
flies up. This gives li to the ſmall leaver DE to 
nie up; then the piece of wood GH falls down and 
knocks them on the head. If two pieces of board 
were nailed on the ends G, H; to reach below the 
=__ wood GH; the trap would take the vermin 

VE. 

ABE is another Trap, the end B is wire; and the 
end A lides up and down in two grooves in the ſides. 
When the trap is ſet, the end 4 is ſuſpended by the 
thread CD tied to the leaver DI moveable about O, 
the end I being held by the crooked end of the wire 
J, moveable about R, the end RS going within the 
trap. A bait is put on the end at S, and the end E 
of the trap bei „the vermin goes in and pulls 
at the bait S, this pulls the catch 7 from off the end 
of the leaver ID, which lets the end A fall down, 


and the vermin is taken. 
ExamPelEs LXXIV. 


An engine for moving ſeveral ſats for the ſawing of 
ſtones, &c. ILLI is a ſquare frame, perpendicular to 
the horizon, moving in direction LL, in gutters made 
in the foxt beams AM, CB; and running upon little 
wheels. IL two rods of iron fixt at I and L. OP 
two hands of iron running along theſe rods; to theſe 

| are 


. ͤ 1 df eefig+ a 


Sect. XIII. COMPOUND ENGINES. 


275 


are fixt the ſaws S, S. HIK is a triangle fixt to the 210. 


axis of a great wheel. As the wheel and triangle go 2 


about from H towards 1, the point I acting againſt 
the piece G, moves the frame towards MB, together 
with the ſaws 8, S. When J is gone off, the angle 
X acts againſt the piece F, and moves the frame back 
again. Then H acting againſt G, moves it forward; 
and fo the ſaws are moved back and forward, as long 
as the wheel turns round. As theſe ſaws work by the 
motion of the engine, the hands O deſcend. The parts 
Fand G ought to be made curve; and little wheels 
may be applied at the points of the triangle HIK, to 
take away the friction againſt F and G. The axle of 
the wheel may be made to carry more triangles, and 
work more ſaws, if the power is ſtrong enough. 

Inſtead of the triangle HK, the frame may be 
moved by the two pieces ab, cd; going thro' the axis, 
acroſs to one another. So that ab may only act on E, 
and cd on G. F being only in the plane of abs mo- 
tion; and G in that of cd. So that F never falls in 
the way of cd, nor G in the way of ak. 


ExamPpLE LXXV. 


A is an Eolipile. This is a hollow globe of braſs 
with only a very ſmall hole at the mouth. Take it 
by the handle B and ſet it on a fire till tis heated, 
then plunge it in cold water, and the air in it which 
was rarefied, will be condenſed, and water will go in- 
to it, till it be about half full. Then if it be ſet on 
the fire, the water will turn into vapour by the heat, 
and will blow out at the mouth with greac violence 
and continue ſo till the water is ſpent. 


ExamPpise LXXVI. 


ABD is a Hygroſcope, BC is an index hung by the 
(therm) ſtring AB, the point B hanging over the cen- 
ter of a circle, which is divided into equal parts. 1 

| T 


63. 
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FIG. 
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DESCRIPTION OF 
The og AB twiſts and untwiſls by the moiſture 
dryneſs of the air. . this means the index BC. 


turns 2 and ſhews the d ot drought or moi- 
* on the circumference N. 


EXAMPLE LXXVII. 


A Wi ndmill. AHO the upper room. HOZ the un- 
der one. AB the axle - tree, going quite through the 
mill. 82 the fails covered with canva ſet 
obliquely to the wind, and going about in the order 
N. CD the cogwheel of about 48 cogs a, a, 43 
which carries the lantern EF, of 8 or 9 rounds, c, c; 
and its axis GN. IK the upper ſtone z LM the lower 
ſtone. Qt the bridge, ſupporting the axis or ſpindle 
GN. The bridge is ſupported by the beams cd, XY, 
wedged up at c, d, and X. ZY the lifting tree ſtand- 
ing upright. ab, f, leavers whoſe centers of motion 
are Z, u. fgbi a cord with a ſtone i, for a ballance, 
going about the pins g, b. The ſpindle N is fixt to 
the upperſtone IX, by a piece of iron, called the rind, 
fixt in the underſide of the ſtone. The upper ſtone 
only turns about, and its whole weight reſts upon the 
bridge , and turns upon a hard ſtone fixed at N. 
The trundle EF and axis Gt may be taken away 
for it fixes on the lower part at 7, by a ſquare ſocket, 
and the top runs in the edge of the beam w. Putting 
down the end f cf the leaver fe, raiſes þ, which raiſes 
Zz. which raiſes TA, and this raiſes the bridge QR, 
with the axis NG, and the upper ſtone IK; and thus 
the ſtones are ſet at any diſtance. The lower ſtone is 
fixt immoveable upon ſtrong beams, is broader than 
the upper, upon which boards are placed round the 
upper at a ſmall diſtance to confine the flower from 
flying away; and the flower is conveyed through the 
tunnel n down into a cheſt. P is the hopper into 
which the corn is put, which runs along the ſpout r 
into the hole t, and fo falls between the ſtones where 
it is ground. The axis ot is ſquare, which ſhaking 


4 
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the ſpout r as it goes about, makes the corn run out. FIG. 


rs a ſtring going about the pin 5, which being turned 
about moves the ſpout nearer or further from the axis, 
and ſo makes the corn run in faſter or flower; ac- 
2 to the wind. And when the wind is great, 
the fails S, T, J, W are only part of them, or one 
fide of them, covered; or perhaps only a half of two 
oppoſite fails 7, Ware covered. Towards the end 
B of the axle-tree is placed another cogwheel, trundle, 
and ſtones with exactly the ſame apparatus as before. 
And the axle carries two pair of ſtones, at once. 
And when only one pair is to grind, the trundle EF 
and axis Gt is taken out from the other. Hl is a girth 
of pliable wood, fixed at the end x; and the other 

tied to the leaver km moveable about k, And 
the end w being put down, draws the girth xy/, cloſe 
to the m— and by this means the motion of the 
mill is ſtopt at pleaſure. pg is a ladder going into 
the higher part of the mill, The corn is drawn to 
the top, by means of a rope going about the axis AB, 
when the mill is going. 

In mills built of wood, the whole body of the 
mill turns round to the wind, on a tampin or perpen- 
dicular poſt. But in thoſe of ſtone, only the upper 
part turns. 1. Is the mill houſe, which is turned 
about to the wind by a man, by help of the leaver ce 
beam 2. 3 Is a roller to hoiſt up the ſteps 4. 

Concerning the poſition and force of the fails, ſee 
Ex. 21. before. 


Examete LXXVIII. 


a force pump. C the piſton fixt to the rod EC, 
moveable about Z. DF the handle moveable about 
D. a, d two clacks or valves opening upwards. The 
piſton C muſt move freely up and down in the barrel 
and exactly fill it, that no air get in. It is made cloſe 
by circular pieces of leather cut to fit the barrel, and 
ſcrewed cloſe between — of braſs. This pump 

- 
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DESCRIPTION OF 


ric. acts by preſſing down. For when the handle F is 


267. 


268. 


raiſed, it raiſes the piſton EC, and the water riſes 
from H, opens the valve d, and goes into the barrel, 
at the ſame time the valve @ ſhuts. But when F is 
put down, the piſton C preſſing upon the water ſhuts 
the valve d. and opens a, and forces the water that 
has been raiſed, through the pipe BG. 


LMis another force pump, or a lifting pump. N 
the bucket. a, b, c valves opening upward. This 


pump is cloſe at the top S, and the ſmall rod of iron 


plays through a hole made tight with leather. This 


pump acts by forcing upwards, for when the handle 
P is put down, it lifts up the bucket N, the preſſure 
ſhuts the valve , opens c, and forces the water in the 
barrel NS along the pipe N. At the ſame time the 
valve a ns and lets in more water, from M into 
the barrel. And when P is raiſed, N deſcends, the 
valves a, c ſhut and þ „and lets more water 
paſs through the bucket & into the upper part. And 
when the bucket N is drawn up again, the water is 
forced along the pipe M as before. This pump is 
the ſame as a lifting pump, only there is added the 
valve c which is not abſolutely neceſſary. No hole or 
leak muſt be ſuffered below the piſton or bucket ; 
for air will get in, and ſpoil the working of the pump. 
And the buckets muſt always be within 3o feet of the 
water. | | 
There are ſeveral forts of valves uſed in pump work. 
as 7, V, V, that at T being made of two pieces of 
fat leather is called a clack. + Theſe at /, are made 
conical or of any indented figure, and fit exactly into 
a hole of the ſame ſhape. At the bottom of the valve 
1 = . pin acrols it, to hinder its fiying quite out of 
e. | 
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ExamPLE LXXIX. 


AB a Hydrometer, to meaſure the denſities of li- 
quors, eſpecially ſpirituous liquors. This is a hol- 
low ball of glaſs B, partly filled with quickſilver or 
ſhot; and hermetically ſealed at the top 4, when 
made of a due weight, by trials. The ſmall tube 
AB is divided into equal parts, and graduated at 
equal diſtances. And theſe diviſions noted to which 
it ſinks in different fluids of the beſt forts; which 
points muſt be taken as ſtandards to compare others 
with. Then if the Hydrometer be immerged in any 
fluid, and the point to which it ſinks in the ſurface be 
marked; it ſhews the denſity of it, and its goodneſs. 
For it ſinks deepeſt in the ligheſt liquor: And the 
ligheſt liquids are the beſt. 


ExamelE LXXX. 


AB is a Therm:meter, to meaſure the degrees of 
heat. Bis a glaſs ball with a long neck AB. The 


ball and part of the neck is filled with ſpirit of wine 


tinged red with cochineal ; and the end A is ſeal- 


ed hermetrically; In the doing of which the end 


of the tube 4, the ſpirit and included air, are heat- 
ed, which rarefies the air and ſpirit; fo that when 
the end A is ſealed, and the tube cools; the ſpi- 
rit contracts, and there is a vacuum. made in the 
top of the tube. And therefore the ſpirit expand- 
ng and contracting by heat and cold, has liberty to 
iſe and fall in the tube. This ball and tube is in- 
Cloſed in a frame, which is divided into degrees. Then 


| as the top of the ſpirit riſes or falls, the diviſions will 


ſhew the degrees of heat or cold. Theſe diviſions are 
arbitrary, and therefore two thermometers will not 
go together, or ſhew the ſame degrees of heat and 
cold ; except they be made to do fo by graduating 

T9 them 
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DESCRIPTION OF 


them both by obſervation. This is commonly put in 
the ſame caſe with the barometer, fig. 218. 

There are other ſorts of Thermometers. CD is a 
ball with a long neck open at the end D, partly 
filled with tinged ſpirit of wine, and put with the 

n end into the veſſel D, near the bottom; which 
veſſel is half full or more of the ſame ſpirit. The top 
of the tube CE is air. So in warm weather when the 
air in C is rarefied by heat, it preſſes the ſpirit down 
into the bucket D, and as the point E deſcends, the 
diviſions being marked, ſhew the degrees of heat; 
or when it aſcends, the degrees of cold. But this 
fort is affected with the preſſure of the atmoſphere, 
and therefore is not ſo true. 


Example LXXXI. 


DA is an artificial fountain. AE a ſtrong cloſe veſſel 
of metal, AB a pipe reaching near the bottom of the 


veſſel, and ſoldered cloſe at A. F, A two cocks. If 


the cocks be opened and water poured in at 4, till 
the veſſel be about half full. Then ſtop the cock F, 
and with a ſyringe inject the air at A, till it be ſuffi- 
ciently condenſed within the veſſel. Then ſtop the 
cock at A, and take away the ſyringe. Then as 
ſoon as you open the cock at A, the compreſſion of 
the air at C, will force the water up the tube BA. and 
ſpout up to the height D. And a little ball of cork 
may be kept ſuſpended at the top of the ſtream D. 

But an artificial fountain is moſt eafily made thus, 
take a ſtrong bottle G; and fill it half full of water, 
cork it well, and through the cork put a tube H very 
cloſe, to reach near the bottom of the veſſel. Then 
blow ſtrongly in at H, till the air in the bottle be 
condenſed ; then the water will ſpout out at H to a 
great height. 

Any of theſe fountains placed in the ſunſhine, will 
ſhow all the colours of the rainbow; a black cloth be- 
ing placed behind. 

Exaurrx 
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Examels LXXXII. 


| CoD is Archimedes's Joter-ſexrew, This is a cy- 
linder turning upon the axis CD. About this cylin- 
der there is twiſted a pipe or rather ſeveral pipes no; 
92 running ſpiral ways from end to end. This cy- 
inder is placed higher at one end D, than at the 
other. And its uſe is to ſcrew up the water from the 
wer end to the higher. AB is a river running in 
direction AB. «, , c, d ſeveral floats fixt to the cy- 
linder. EF the ſurface of the water; Since the 
cylinder ſtands in an inclined poſition, the upper floats 
a, J are ſet out of the water; and the under ones c, d 
within it. So that the water acts only upon the un- 
der ones, c, d; and turns about the cylinder in the 
order abcd, By this motion the water taken into the 
ſpiral tubes at the low end, is by the revolution of the 
cylinder, conveyed thro? theſe pm. and diſcharged 
at the top into the veſſel G. It AB is a ſtandi 
water, there is no occaſion for the floats a, 6, c, d. 
And then the cylinder is to be turned by the handle 
at D. Inſtead of the pipe, a ſpiral channel may be 
cut round the cylinder, and covered cloſe with 
plates of lead. The cloſer theſe ſpiral tubes are; the 
more water is raiſed; but it requires more force. Alſo 


the more the cylinder leans, the more water it carries, 
but to a leſs height. 


Exanets IXXXIII. 


. AL a Rowling-pref, for copper-plate printing. DE, 
FG, two wooden rollers, of about 12 or 16 inches di- 
ameter, running upon the ends of two & iron 
axels; that go quite through them, and are fixt in 
them. To the axis of the upper one DE is fixed the 
handle BAC. Theſe rollers run in brafs ſockets, and 
tuſt run very true upon their axles, and may be 
neater; or ſet further from one another, by 

T 4 wedges 
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10. wedges in the frame at P, R. HIK is a flat table or ; 
273. plank going in beween the rollers, and ſliding freely Pi 
upon the frame. LM the frame. NO a ſhelf to lie 
the paper upon, When the preſs is uſed, the upper 
roller is folded round with flannel, that every part of 
the print may take an equal impreſſion; and a paper 
bottom, ſpread upon the table H, where the plate is 
to lye, to prevent the indenting of the plank. 
Then rubbing the plate with the fort of ink pro- 
per for it, and Jaying it upon the paper bottom, on the 
table at H. Take the printing paper and laying it care- 
fully upon the plate, and turning the handle CAB, the 
motion of the roller DE, turns the roller FG, .and 
draws the table through between the rollers, together 
with the plate and paper; and the paper is printed. 
Note, the paper muſt be thoroughly wetted in a 
trough; and after it has laid about a day or two, it 
is then to be paſſed through a ſcrew preſs, to ſqueeze 
the water out, and then 1t is fit for printing. 


ExaMPLE LXXXIV. 


274 The Fire-Engine to raiſe water. LL is a great 
beam or leaver about 24 feet long, two feet deep at 
leaſt, and near 2 feet broad; it lies through the end- 
wall of the engine houſe, and moves round the 
center a, upon an iron axis. CC a hollow cylinder of 
iron 40 inches diameter and 8 or 9 feet long. P 
the piſton ſuſtained by the chain LP. F the fire place 
under ground. BB the boiler 12 feet diame- 
ter, which communicates with the cylinder by the 
hole 2, and ſteam pipe E, 6 or 8 inches diameter. 
The boiler is of iron, and covered over cloſe with 
lead. In this the water is boiled to raiſe a ſteam. 4, 


5 is the regulator, being a-plate- within the boiler, 
which opens and ſhuts the hole of communication 2. 
This is fixt on the axis 34 coming through the boiler, 
on which axis is fixt the horizontal piece 53; ſo that 
moving h back and forward, moves the plate 4 5 over 
hole 2 and back again. Hl is a horizontal rod of iron, 


moveable 
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moveable about the joint 5. xyed! a piece of iron 1G. 


with ſeveral claws called the Wye, moving about the 
axis de in a fixt frame. The claw 5/ is cloven at 1, 
and between them paſſes the end of , with two 
knobs to keep it in its place. AA is the working 
beam, in which is a flit, through which the claws xy 
paſs, and are kept there by the pin q going between 
them. DDD is a leaden pipe called the injection pipe, 
carrying cold water from the ciſtern & into the cylin- 
der CC; and is turnd up with a cap full of holes at 
the end, within the cylinder. F the injection cock, 
to which is fixt the iron rod fg, lying horizontal. The 
end g goes h a ſlit in the end of the piece g, 
and at the end 15 a knob ſcrewed on to keep it in. 
pcbrg a piece of iron with ſeveral claws called the Ef, 
moveable about the axis bc. The claw rp goes 
through the lit in the beam AA, and is kept there 
by the two pins o, 1: The claw rg goes over the 
piece gf. As the piece gf is moved back and forward, 
the injection cock F opens and ſhuts. 1, 1, &c. are 
ſeveral holes in the beam AA, that by ſhifting the pins, 
ſet the pieces p, x, y higher or lower, as occaſion re- 
quires. N is a ſniffing clack, ballanced by a weight, and 
opening outwards, to let out the air in the cylinder at 
the deſcent of the piſton. in ſome engines a pipe goes 
from it to convey the ſteam out of the houſe. (G is a 
leaden pipe) called the finking pipe or eduction pipe, 
going from the cylinder to the hot well H. it is turn- 
ed up at the end, and has a valve opening upwards ; 
carries away the water thrown in by hs cold wa- 

ter pipe. f is the feeding pi m the hot 
well to the boiler to ſupply 2 7 Boy by a cock 
opening at pleaſure, i, i are two guage pipes with 
cocks, one reaching a little under the ſurface of the 
water in the boiler, the other a little above it, By 
opening theſe cocks, it is known when there is wa- 
ter enough in the boiler; for one cock will give 
ſteam and the other water, They ſtand in a plate 
which may be opened, for a man to go into the boiler 
|; to 


274. 


252 


Fic. to 
274. a wice comes through a ſmall hole, to which is fixed 


r 
_ thrown 


 _ DESCRIPTION of 1 
clean or mend it. is the puppet clack, from this 


a thread going over a pulley, with a ſmall weight at 
it; the weight on the clack is about a pound for 
every ſquare inch. Z the ſteam pipe going from 
the clack out of the houſe. When the ſteam in the 
boiler is too ſtrong, it lifts up the pu 

and goes into the ſteam pipe 7Z, by which it is con- 
veyed away : Otherwiſe the boiler would burſt. KK 
a pipe carrying water from the ciſtern S into the cy- 
linder, to cover the piſton to a good depth. Ja cock 
opening to any wideneſs, that the water may run in 4 
due quantity. Ma hole to let it out, thro? a pipe, into 
the hot well H, when too much. %a force pump 
with a bucket and clack, and two valves opening up- 
wards. This pump is cloſe at the top R, I. 
wrought by the leaver LL, it brings water out of a 
it into the ciſtern S. Q the pit where the water is 
be raiſed. XX the ſpeers which work in wooden 


upper floor. At 0 ry W of the CL 
there are two pins, which ſtrike againſt two ſpri 
df wood, fixt 3 timbers lying on cach fide 
the great leaver LL; theſe pins ſerve to ſtop the beam, 
and hinder the piſton comi no lad in Se cxllader: 
When the ine is to be ſet to work, the water in 
wy N till the ſteam 
is en which is known by opening the 
valves i, i. Then the hole 2 l CR 
the piece dg by hag. Then the ſteam is let into 
the cylinder, which lets the end of the beam LC riſe 
This raiſes the working beam AA, moves the 
, preg, which moves gf, and opens the cold water 
cock F. At the ſame time moves the wye xy, which 


draws Ib, and ſhuts the hole 2. The cock. f 


inſt the piſten, and ing in ſmall 
up againſt the piſten, W 22 
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of the atmoſphere preſſing upon piſton. brings 
down the end LC, which raiſes the other end 2 
works the pumps XX. As the end LC deſcends, the 
working plug AA deſcends, and moving the eff 


3 


opens the hole 2, and the ſteam goes 


and wye xys/b, ſhuts the cold water Z 


into th 
the 


an 8 
cylinder, which takes off the preſſure of 

moſphere; and the end L defcends by the weigh 
of the f XX, And the end LC aſcends as 


fore, which opens f and ſhuts 2. So by the motion 
of the beam AA up and down, the cock / and hole 2 
ſhut and open alternately. And by this means of 
condenſing and rarefying the ſteam alternately within 
the cylinder, the leaver or beam LL conſtantly moves 
up and down. By which motion the water is drawn 
up by the pumps; and delivered into troughs within 
the pit, and conveyed away by drifts or levels, At 
the ſame time the motion of the beam LL works the 
mp YRY, and raiſes water into the ciſtern S. 
When the engine is to ceaſe working, the pins #, 9 
are taken out, and the cold water cock is kept cloſe 
ſhut ; whilſt the end LC is up. f 
There is never made a perfect vacuum in the cy- 
linder, for as ſoon as the elaſtic force of the ſteam 
within, is diminiſhed, the piſton begins to deſcend. 
The vacuum is ſuch that about 8 lb. preſſes upon eve- 
ty ſquare inch of the piſton. The diameter of the 
pumps within the pit, is about 8 or g inches And 
the bores of theſe pumps, where the ſpeers AA work, 
ſhould be made wide at the top; for it they be ſtrait, 
more time is required to make a ſtroke, and the bar- 
rels are in danger of burſting. And the engine will 
make 13 or 14 ſtrokes in a minute, makes a 6 foot 
ſtroke, and delivers 300 or more eads.of water, 
in an hour, to the height of 60 or 70 fathom. A. cu- 
bic inch of water in this engine will make 13338 * 
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drops, condenſes the hot rarified ſtream, and makes vi d. 
a vacuum under the piſton. 3 the weight 274. 


DESCRIPTION OF 
bie inches of ſteam. She conſumes about 30 buſhels 
of coals in 12 hours. 


ExauàrlE LXXXV. 


275. AB is the Water- Engine to quench fire. D, E are 
two pumps 5 inches diameter, having each a clack a, 
b opening upwards. CO a large copper air veſſel 9 
inches diameter. This veſſel ſtands upon a ſtrong 
plate kw, 5 or 6 inches above the bottom of the 
cheſt NM. SY is a braſs pipe coming through the 
end of the cheſt at S; and at 7 it divides into two 
cavities going under the copper pot CO, to the two 
pumps E, D. The cavity 2 leads to the pump E. 
And directly above this cavity at V, there is another 
cavity y, communicating with the pump E. And 
above the cavity y is placed the valve r, opening up- 
wards into the copper pot CO, from this cavity. There 
are the like cavities belonging to the pump D; the 
firſt going to the valve a; the other from the pump 
to the valve 5 of the pot. Theſe cavities are 
made of hollow pieces — braſs ſcrewed faſt together. 
Z is a cock, through which is a paſſage along the pipe 
SY, another at the fide of the pipe into the cheſt NM. 
This cock by turning the handle ce opens one paſſage 
and ſhuts the other, as there is occaſion. Xx a lea- - 
ther pipe to be ſcrewed on the end S, to draw water 
out of a well or river. 

PR is the conduit pipe reaching near the bottom of 
the veſſel CO, and ſoldered cloſe into the top of it. AtR 
and ꝙ are ſcrews, ſo that the pipe may be turned 
in any direction, 1 om And 
at Va copper pi | wed on, or elſe a 
leather one, which being flexible is carried into _ 
and entries. HI an iron axis to which the iron leavers 
FG, LK are fixed. This axis moves in ſockets about 
H, I, which are ſcrewed hard down. FK, GL two 
wooden handles fixt to the leavers to work them 4 

a, 
mn 


, N are two arches of iron fixt on the axis HI. 
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mn the ſhanks of 2 being two ſtrong rods of 10. 


iron. fe, bt, 47. mp, 
b, t; and i q; and at n, p. At F and m are ſcrews 
to ſcrew the chains tight; theſe chains work the 
pumps. For when FX is down, the chain 
pulls down the rad of the piſton d. And when FR 
is raiſed, the chain 7b pulls it up again. And the ſame 
way the chains /q, wp raiſe and depreſs the piſton un. 
In ſome engines there are two arches, like bg, 7p, 
fixt near the end I of the axis; and chains at them; 


from the ends of which, as alſo from ? and g two 


boards are ſuf; - Theft boards ſerve for treadles 
for men to ſtand upon, to help to work the engine. 
The veſſel EO and two pumps are incloſed in a cheſt 
AN, and *the whole machine moveable on wheels, 
the fore axle-tree turning on a bolt in the middle, for 


are a great many forms of theſe engines. In ſome the 
leaver lies croſs over; in others lengthways; in ſame 
there is no chain work, but only pins for the piſ- 
tons to move upon. 5x8 
When the engine is to play, if it is by the water 
in a river, &c. the pipe Xx muſt be ſcrewed on at S, 
and the end x put into the water. But if water is 
to be fetched, it muſt be poured into the cheſt M. 
which runs through the holes T into the body of the 
engine N. Then turning the cock ceZ to open the 
roper communication; the handles FK, GL, muſt 
moved up and down by men; by which means wa- 
ter is drawn into the pumps E, D, and forced into 
the veſſel CO, and out of the pipe PR. For the 
piſton mn being raiſed, the water is drawn along the 
cavity ZN, through the valve 5 into, the pump E; 
and when mn is depreſſed, the valve þ ſhuts and the 
water is forced into the cavity y, through the. valve 2, 
and into the pot CO; -which cannot return for the 
ſhutting of the valve r, when the piſton mn riſes 
again. And the like for the other. pump D. Sip 
the piſton of one pump gogs down whilſt the other 


2 * " ad 
*. 


the canveniency of . to either ſide. But there 


Since 


our iron chains fixt at f, g; and 27g. 
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goes up, the water is forced into the veſſel CO, by 
turns, by theſe pumps; ſo that there is always water 
going in. And the air confined at top of the veſſel 
at C being condenſed, will preſs the water up the pipe 
PRY9V, and make it flow with a continual ſtream. 
If the water in C be compreſſed into half the ſpace, it 
will force the water to 30 feet high. 

In ſome engines, there is another pipe as PR, com- 
ing through the copper pot, and thro the fide of the 
engine, and theſe two pipes may play both at once if 
there is occaſion. And it not, the end of one is 
ſcrewed up. 


ExamelEe LXXXVI. 


A Sbip. This is the nobleſt machine that ever was 
invented. It is ſo compounded and conſiſts of ſo ma- 
ny parts, that it would require a whole volume ta 


deſcribe it. Some of the principal parts are theſe, 


* de 


the ancient ſtaff and enſign. 
the Poop lantern. 


0 


F 
5 


the bowſprit. BEN 
the foremoſt. 
M the mizen maſt. 


maſts. 


LON 


02 
8 


> 


T 


- 


; 


ht by 
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J Main- ſtay, Se. 
Pn { back ſtay, & 
X Main topma c. 
Y The Crane line. 
Z The anchor, to which the cable is fuxt, 
1 Main lifts. 
2 Fore braces. 
3 Main- top-ſail ſheets. 
4 The fore tacks. 
28 Topfail clewlines, 
Main-top- ll leetch lines. 
Fore bunt lines. 
Mizen bowlines. 
Main- top- fail halliards. 
And the like for the reſt of the fails. 


Moſt of theſe ropes are for hoiſting the fails, and ſet- 
ing them in a proper poſition to the wind. For 
the wind always 7 — perpendicularly upon the plant 
of any ſail; and u ** ſhip in direction of that 
2 dicular. An by help of the rudder H, ſhe is 

„ keep any desen required. For if the rud- 

＋ 2 ſide ; the water (as the ſhip 

2 cog) will act — againſt it, and drive 
the ſtern the contrary way, or her head the ſame way, 


as the rudder. A ſhip with a briſk fair wind wil 


fail 8 or 10 miles an hour. 
* 
Ex aur: LXXXVIL 


AT an Ajr-pump. C, D two braſs cylinders, 2 or 
3 inches diameter and a foot having two valves 
at the bottom opening upwards. r, t two piſtons 
working -in the cylinders, havi ing two valves alſo 


opening upwards. FF a handle going upbn the axis 
the wheel or lantern E, which wheel by the teeth, 


moves the racks G, G; and by them the piſtons with- 
in the cylinders or pumps. AB a table or plate ſup- 


ported 
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alternately raiſed and depreſſed, as the crank goes 


DESCRIPTION OF 
ported by the pillars J, I, I. I. I the receiver of 
glaſs, which by the hollow pipe of braſs noo called 
the ſwan's neck, communicates with the cylinders by 
means of a hollow braſs pipe PQ; into which the 
ſwan's geek paſſes. 77» a mercurial gage, being a 
glaſs tube tanwung in the bucket of mercury 5, and 
communicatiag with the pipe ao. K a cock under 
the table AB to let in air into the pipe xo, and ſo in- 
to the receiver, when there is occaſion. 

When the air is to be drawn out of the receiver H, a 
wet leather is placed over the plate, and u that 
the receiver H. then raiſing the right hand F, the piſ- 
ton t of the barrel D is raiſed, which takes off the 
weight of the atmoſphere ; conſequently the air 
out of the receiver H, through the ſwan's ne k no, 
and through the hollow braſs A, through the valve 
into the cylinder D. Then the right hand F put 
down, the valve at bottom of the cylinderD ſhuts, and 
the air paſſes through the valve at ?: At the ſame time 
that the left hand being raiſed, draws the air from 
the receiver, through oP, through the valve into 
the cylinder C. So that by the motion of the handle 
FF up and down, the air is at length drawn out of the 
receiver N, by the pumps C, D. And the rarity of 
the air within the receiver, is known by the height 
of the mercury in the tube rs, which is known by the 
graduated frame. An abſolute vacuum can never be 
perfectly made. For when the ſpring of the air is ſo 
we k as not to be able to lift up the valves at bottom 
of the cylinders, no more air can be drawn out. 


The handle F is lately, made to turn all one way, 
thus A is a crank turned aby the handle F. M the 
leader or ſword going over the pin 4, in the wheel E. 
Whilſt the crank A is riſing, it raiſes the ſide & of the 
wheel, and when the crank deſcends, it thruſts down 
the ſame fide & of the wheel E. So the racks are 
about. 
There 
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There are ſeveral ſorts of glaſſes made uſe of for 
the Air- . As Asa receiver open at top, cover- 
424 took plate and oiled leather at D, and 
kept ons by "he croſs piece EF, ſcrewed down up- 
on the pillars BC, which pillars are ſcrewed into 
table AB of the Air-pump. 


H a receiver open at top, with a plate and collar 
of wet leathers K, through which the ſlip wire 


GI, ſo tight as to let no air in. This ſerves to lift any 
thing up by the hook I. 


MP is a transferrer. N is a plate and leather, on 
which ſtands the receiver M. NP a hollow tube go- 


ing tk rough the plate. O a cock to open or ſhut the 


Fuss The cock O being open, and the air ex- 
uſted by the pump, and then the cock being ſhut, 
the receiver and pipe may be taken away from the 


Air Pump, the vacuum remaining in M. 
L a receiver coſe at the top; with infinite others of 


like ſort. 
Example LXXXVIII. 


Bridge Water-works. AB the axis of the 
wheel '@; which wheel is 20 feet diameter, 
axis 3 feet, and 19 feet long. E, E 26 
foot broad. G 3 ſpur wheel fixt to the axis 
diameter, 44 coggs of iron ; this moves the 
2 feet diameter, and 20 rounds; HI its 
IK a quadruple crank of caft iron 6 inches 
each being 2 foor from the axis. The 
is faſtened to the axis at J, by help of a wedge 
rough bath, which cauſes the crank to turn. 
_— g_ to the cranks, and 
our leavers MN, 3 feet from the ends; 


1 


df 
Þ 


; 
* 
+ 


FT 


Z 


12 


fixt to the 


IN N eet long, moving on centers in 
a frame of wood, P, P four force pumpe, wrought 
four piſtons or rods NP, 1 
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r1G. inches diameter having valves opening upward. O a 


hollow trunk of caſt iron, to which the pumps are 
cloſe fixt. 2 a ſucking pipe going into the water. 
RR four hollow pipes 7 inches diameter, and cloſe 
fixt to the lower part of the pumps ; theſe pipes are 
cloſe ſcrewed to the hollow iron trunk S; into which 
4 valves open. T a pipe communicating with the 
trunk $; through which the water is forced to an 
height. There are alſo four forcers placed at the ends 
M, M of the leavers M N, and working in four more 
pumps. At B the other end of the axis there is plac- 
ed exactly the ſame work as at 4; fo that the great 
wheel CD works 16 pumps. There is alſo a machine 
made of cogwheels and trundles, contrived to raiſe 
the great wheel as the tide riſes. The great wheel 
will go at any depth of water ; and as the tide turns, 
the wheels go the ſame way with it; but ſtand till at 
high and low water. 

As the great wheel is carried about by the tide, 
it carries round the ſpur wheel G, which carries the 
trundle H with the cranks IX, which by the ſwords 
L move the leavers MN. When the end Mis pulled 
down, N is raiſed with the piſton NP in the pump 
P, by which means the water is drawn out of the 
river through the pipe & into the pump P; and 
when NP deſcends, the valve ſhuts, and the water 
is forced through the pipe R, through the trunk 5, 
and along the pipe T into the town. And when N 
riſes up again by the motion of the cranks, the valve 
in & ſhuts, and that in the pump and more wa- 
ter riſes through the N SP And 
as the cranks ſtand every way, there is always water 
riſing in ſome of the pumps; and ſome always forcing 
through R, S, T. When the tide is ſtrongeſt, the 
great wheel 6 times round in a minute. 
engine is ſaid to raiſe 30 or 40 thouſand hogſheads of 
water in a day. 
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ExameLE LXXXIX. 
The Pile Engine for Weſtminſter Bridge. 

A the great cogwheel fixt to the great ſhaft D. 
MO, a trundle fly turned by the cogwheel, this 
is to prevent the horſes from falling when the ram is 
diſcharged. B the drum or barrel on which the great 
rope is wound. Ca leſſer barrel on which the rope 
L is wound, ing the weight N. The uſe of this 
is to hinder the follower from falling too faſt. The 
barrels B, C are moveable about the great axis D. The 
cogwheel and barrel B are fixt together by the bolt F 
going through the cogwheel into the barrel. ET is 
a leaver moveable about 1, going through the great 
ſhaft D; this lifts up the bolt F, the end E being 
made heavier by a weight ; by which means it locks 
the barrel B to the great wheel A. KT the forcing bar 
going into the hollow axis of the great ſhaft D ; this 
leaver moveable 
about 3, the end X being heavier, which with the 
end Y preſſes down the bar XI, thruſts down the 
end of the leaver at F, and lets the bolt F deſcend, 
to unlock the barrel C. Z a rope fixt at X and going 
up thro? the guides at R. GK a crooked leaver move- 
able about 2, the roller at the end G being preſſed 
with the, great rope, forces the end K againſt the 
catch at X, and hinders the bar KI from aſcending. 
When the HI ſlackens, the ſpring 7 forces the 
end K from the catch, and the bar XI aſcends. H 
TIDES TLDS 
pulley P, up to the t over 8 
down the Hldover a it is fixt, FLY that 
drives. the piles. S the follower in which is fixt the 
tongs V, moveable about the center. the guides 
between which the ram falls. At the inſide of the 
guides at R,. where they are faſtend „there are 
two inclined planes. At the bottom of the follower 


U 2 taken 
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is a ſlit, to receive the handle 6 of the ram 7, to be 
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a, b, c, d timbers for 
horſes to draw at, in ion abcd. 


As the horſes go round, the great H is wound 
about the barrel 5. and the n ram T are 
drawn up, till the tongs come between the inclined 
lanes, which ſqueezing the ends 4 4 together, o 
the end 5 ht. he ram fall — Then che 
follower $ taking hold of the rope Z raiſes the end & 
and depreſſes the end 7 of the leaver XY, which thruſts 
down the bar XI, which thruſts down the end FI of 
the leaver El, with the bolt F, and unlocks the barrel 
B, which turning about the axis, the follower & deſcends 
by its weight, till it comes to the ram 7; and the 
end 5 of the tongs ſlips over the handle 6 of the ram. 


Then oo ane i ets, cd hs ſprin 1 1. _ 
the end K from off the catch at top of t 


and lets the bar riſe, nd the wild £ raiſes the bot 

F, and locks the barrel B to the wheel 4; and the 

horſes ſtill going about, the end 5 of the tongs takes 

— of the handle 6, and the ram 7 is drawn up as 
ore. 

All this machine is placed upon a boat which 


ſwims upon the water; and ſo is eaſily conveyed to 
any place deſired. 


FxamplE XC. 


GH a blowing wheel, AB, CD an iron croſs; to 
this is fixt the circle of iron EF, To theſe are fixt 12 
leaves J, J, I. which reach no nearer the center than 
the iron circle. 1, 1, 1 are holes, through which 
the air paſſes into the cavities between the leaves. 
There is the ſame croſs and iron circle on the other 
ſide, but without any hole. Through the centers of 
both ſides is put an iron axis and fixt there, and on 
the further end a handle is put to turn it by. This 
wheel is incloſed in. a cafe which juſt touches the edges 
of all the leaves. r 


* 


© Z*  @ © vw wy »F 


EA FS 8 A885 8 8 


Sect. XIII. COMPOUND ENGINES. 


1, I, to let the air through; the other flat is cloſe. 
LM is the ſucking pipe, being a tube fixt upon the 
caſe, ſo as to communicate with the cavities, by the 
holes 1, 1. G is the blowing pipe, and is another 
wooden tube communicating with the inſide of the 
caſe. The axis turns upon two concave pieces of me- 
tal fixed to the caſe, the handle being on the back 
ſide of the figure abed is a thin ring of wood faſten- 
ing the leaves all and the like on the other 
22 On theſe rings are put two circles of blanketing 
to go cloſe to the caſe, and alſo upon the iron circle 
EF. 

The frame being fixt, and the handle turned about 
in the order BCAD. The motion of the leaves moves 
the air very ſwiftly to the outſide, which being con- 


fined by the rim, is forced in a tangent along the tube 


G : whilſt new air aſcends along the ſucking pipe LAM, 
3 hole in the frame, and through the 

les 1, 1, into the cavities between the leaves; and 
— aocins the wheel, through the tube blowing 
mf the pipe LM be continued to the place where any 
foul air is; it may ſoon be thrown out through the 


tube G, and diſperſed abroad. Or if the tube LM 


communicate with the freſh air, and G with any cloſe 


room ; freſh air may preſently be injefted into the 
room. 1 
ExamyLe XCl. 


AB an artificial fountain to play with either end up. 
and B two cavities ; FO. two open pi 
fixt to the baſons at K and O. Gand CDR two 
t both ends. When the foun- 
pour water in at O. Then 
pon the end 
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ſmall diſtance from the ends of the leaves. On this fide p16. 
or Flat, of the caſe there isa hole left againſt the holes 284. 


294 DESCRIPTION OF 


710. give it liberty. The water falling down upon the ba» 
285. ſon EK, runs through the pipe KB into the cavity B. 
And the fountain being turned, the water will de- 
ſcend through GHI, and ſpout out at I as before. 
— ſo being turned it will play afreſh as often as you 

will. 

Note, while the jet E is playing, if the end © of 
the pipe FO be ſtopt with the finger, the jet will ceaſe 
playing: which being taken off, it will begin again. 
And ſo may be made to play or ſtop at pleaſure, 


ExamelE XCII, 


2386. AF a Water Barometer. AD is a ſmall tube open 
at both ends, cemented in the neck of- the bottle CE. 
Then the bottle being a little warmed to drive out 
ſome of the air, the end A is immerged in water 
tinged with cochineal, which goes into the bottle as 
it cools. Then it is ſet upright z and the water may 
be made to ſtand at any pointB, by ſucking or blowing 
at A. This is a very ſenſible barometer: for if it be 
removed to any higher place, a very ſmall decreaſe 
in the air's gravity, will make the water riſe ſenſibly in 
the tube. This may be made uſe of to find the le- 
vel of places. But it js ſubject to this inconvenience, 
that it is a thermometer as well as a barometer, the 
leaſt alteration of heat, raifing the water in the tube, 
To prevent which it muſt be incloſed in a veſſel of 
ſand ; and then the air included in the bottle will re- 
tain the ſame degree of heat, at leaſt for a ſmall time. 


ExampLEe XCIIL. 


287. ADOF is a Jet d'eau. AB the reſervoir where the 
water is kept. CDIO the pipe of conduct which 
conveys Water from the reſervoir, O the cock or 
adjutage; being a ſmall hole in a thin horizontal plate 
fixt upon the end of the pipe, through which the 
water flows. OF the jet of water, ſpouting op thy 


Sect. XIII. COMPOUND ENGINES, 3 
the hole O, which deſcends again in the ſtreams FE F 1c. 
and FH. OF the height of the jet. AG the hori- 287. 
zontal height of the water in the reſervoir. If the 
part LIO of the pipe of conduct be buried under 
the ſurface of the water KH, and be inviſible; the 
jet will ſeem to riſe out of the water XH, as in many 
artificial fountains. | 

The adjutage is ſometimes made conical, but the 
beſt ſort for ſpouting higheſt, is a thin plate with a 
hole in it. The bore of the adjutage ought to in- 
creaſe with the height of the reſervoir, and the larger 
the adjutage the higher the jet will go, provided the 
pipe of conduit be large enough to ſupply it with 
water. Pipes of conduit ought not to be made with 
elbows, but to turn off ually in a curve as DO. 
The diameters of pipes of conduct ought at leaſt to 
be 5 or 6 times the diameters of the adjutage, or elſe 
it will not ſprout ſo high. If a reſervoir be go foot high, 
and the adjutage balf an inch; the pipe of conduct 
ſhould at leaſt be 3 inches; or if the adjutage be an 
inch, which is better, the pipe of conduct muſt 
be 6 inches. And intheſe caſes the jet will riſe to the 
greateſt height it can have. In general the diameter of 
the adjutage ought to be nearly as the ſquare rootof the 
height of the reſervoir. And if you would have the 
velocity in the pipe of conduct to be the ſame at all 
heights of the reſervoir, that the friction may not in- 
creaſe too much ; then the ſquare of the diameter of 
the pipe of condu& muſt be as the cube of the diame- 
ter of the adjutage. When water is . 
way through pipes; the friction of the pipes will di- 
miniſh its velocity, and the jet will not riſe ſo high. 

A jet never riſes to the full height of the reſervoir. 
If the height be g feet 1 inch, the jet will only riſe 
to 5 feet; thus the jet OF wants the ſpace FG of the 
height of the reſervoir. And the defect FG is as the 
{quare Ar t of the reſervoir OG. IL 
Jets more than in that proportion, bei 
more retarded by the refilunce of the air. The 

Us4 greateſt 
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FIG. 
287. 
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jets never riſe 300 ext high; for the velocity 
is ſo great that the water is Aifipared 3 into ſmall _ 
by the reſiſtance of the air. If -baltef.cork-or li 
wood be laid at F, it will be ſuſpend =— 
of water, and play there : without falling, | 


ExAMPLE XIV. a 


2 = WF 4 
E is a ® . for weſghin vaſt 
, CK two leavers moveable t B and 
E. LE, MB two fixt pieces. AC a croſs bar ſup- 
porting the end C, atid moveable about the pins A and 
C. The center of gravity of 1G and AC is in B; 
and of CK and the heo DN: | E. H the weight to 
be weighed. F the t moveable along the 
—— leaver BG. Thi machine is hung upon the 
at L, M. "Here the power F is to the weight 
H. as AB x DE to CE x BF. 


ety in the world, it would be an endleſs taſk to de- 
ſcribe all the kinds of them. Therefore I think i 


needleſs to uce any more, eſpeciall 


as theſe aw er: 
bat thoroughly Ft At Ap"; 


ro be 888 he cannot be at a loſs to find 
r uy —— w_ 
3 


. 


AN ALPHABETICAL 


INDEX 


OF THE 


TERMs uſed in MERCHANICs. 


A. 
Air a machine to draw the air out of a glaſs: 
Adjutage, the ſpout for a Jet dean in a fountain. ; 


Amplitude, the diſtance a ball is ſhot to. 
Anemeſeope, = machine for ſheming thi polag;hf. the 
Angle 2 is por we ” with the | of * 


Qs Oo 4 > 11 57 


es 

of Traction, the angle which the direction of 
a power makes with an.inclined plane. 
an artificial river, or tube to convey water: 


bor, the axl ſpindle of a wh 8 

1 4, « ollow wall made u e 
an 

Areometer, 7, un inirument to mean the weight of li- | 


quora. 3 
. 


EXPLANATION OF 


Arm, any piece of timber or metal, that projects ho- 
rizontally from ſome part of a machine, 

Axle, or Axis, the line or ſpindle about which a wheel 

turns round. Fig. 185. ef. 

Axis in Peritrochio, a machine for raiſing weights, con- 
filling of a wheel, fixt upon a cylinder for its 


3 
B. 
Balance, machine to weigh bodies in, one of the me- 
chanic powers. Fig. 188. 
Balance-whee!, the fiye or pendulum of a watch. 
Barometer, IK air or 
atmoſphere. See Fig. 218. 
Bareſrope, the ſame as barometer : a weather glaſs. 
Barrel of a wheel, is the axle, or cylindrical body, avout 
—— hollow of th 
— Of 4 PUMP, 18 0 e 
4 * the piſton works. ow” pap 
Bars, da b en of timber or metal, that run 


of a machine to another. 
Baſe, the foot of = pile. | 
Baſil, that angle, een 
Batten, a DJ + of timber 3 or 4 inches broad and an 


to Batter, to lean backward. 

. Bauk, a long piece of timber. 

Beat, 1 ber bes, to hold any 
in 

Joan, a large piece of timber, lying acroſs any place. 

Beetle, a wooden d Ee" 16s "IR 


ther by mortiſe and tenant, —— Sc. 
Brace, 


"camping iron to fey timber work. Alſo ftays 
ſet under a ſhelf to ſupport it. 
Brads, nails having no broad heads. 


i Sc. that is a ſupport to 
Bumenti, thoſe Fapports on which the feet of arches 


Buttreſs, a piece of ſtrong wall that ftands on the out- 
. F another roll o fapport i. 


C. 


Capfand, 4 machine on board a ), to hoiſt the 
maſts, or raiſe any weight. 248. 

Caſcade, a fall of water. 

Cataract, is a precipice, or violent fall of water in a 
river, through high rocks, caufing the water 
to fall with a great noiſe and force. 

Catch, ſome ſmall. part of a machine ; which, in its 
— or lays hold of ſome other 

to it. 

Center of motion, OE ITY 


moves.. 


10 og it il Ireff in in any Bane 
— a point equidiflane from the op- 


poſite extremes of a body ; the middle. 


— the point of a vibrating body 


Center pin, a = about — as 2 nn a body 


Chaps, two fides of — — of any 


14 


Checks 


EXPLANATION OF 

Cheeks, two t parts in a machine anſwering to 
a. of qa poſition and uſe. 

a n time. 


act, a ſort of valve which is flat, like a board; ſerving 
1 from running out. Fig. 268. 7 


p. 
Clamp t, when the adges of two pieces of boards are 
joined together, ſo as of one may 
lye wb the of the -© 4 
Claſp, a ſort of to faſten any thing. 
Claſp nails, thoſe with little heads to fink into thewood. 


Claws, ſlender crooked pieces of metal in a machine, 
. Long 
to Clench or Clinch, to double back the end of a nail 
that it may not draw out again, To rivet. 
Clench nails, nails that may be clinched. 
Cock, a braſs ſpout to let a fluid run out, or ftop it, by 
Cogs, the — of a great wheel. Fig. oe 
Cog: wheel, a large wheel made of timber, where 
* 3 
IR — = about any thin 
mb t goes 
* ear th the taps in which it turns round. * 
e or; trunk of a pillar, 
ContPati-Wbetl, a wheel in a clock, where the teeth are 
- + and ftand on the underfide 
Corbel, timber os ions, ſet . another 
crab, aal capſized k _,. placed 
A ca ws to on 
the nora rm a 
ther. This is called a ff 
Crane, a machine for or bofing gol © 
for ne. 
Crank, that part of an iron axis which 
with an elbow. Fig. 238, II. | 
Croſs -free, a horizontal beam fixt acroſs another. 


E R. M. 30 
Crow, 2 — bar of iron, r at the end; | 
to remove heavy timber, KT by. vhng it 
with the hands. 
Crown-wheel, in a clock or watch, is that next the 
ballance, its teeth ftand in the upper fide of 
the rim, and not in the edge. Fig. 166. FG. 
Cupulo, 122 tower, in form of a hemi- 
"run, © or a bowl turned upfide down. 


D. 


Denſity, is the greater or leſſer quantity of mater 
_ en f} -o *M 
Detents, are thoſe w being lifted 

clock ftrikes ; — falling down, ſhe flops. 
Dognails; nails uſed for 
Dome, a round vaulted roof or tower. A cupola.. 
Dormant, a great beam lying croſs a houſe. A fun- 
mer. 

Dormer, a window in the roof of a houſe. 
Dovetailing, letting one piece of timber into another, 
with a joint in form of a dove's tail, being 
broader at the end, that it may not draw out 


Drum, the lantern or trundle which is carried by a 
great wheel. Fig. 266. EF. 

not a timber-head, n 
form of a drum. 


* 


Edging, the outſide ar banker. 
Endleſs-chain, a chain with the ends joined together; ; 
by which any part of a machine is wrought. 
Endleſs-ſcrew, a ſcrew working in the teeth of a wheel; 
which 2 be turned about for ever. Fig. 
193, E. 
* a mechanical inftrument compoſed of wheels, 
levers, ſcrews, e. 
"Bolipyle; 


* 


———. CS 


EXPLANATION OF 
Eolipyle, a hollow globe of metal, filled with water, 
and put in the fire; the heat and vapour 
ruſhes out at a ſmall hole, with a great noiſe. 


weight, of two or more 


F. 
Face, the front or foreſide of a machine, or of ſome 


Five fall piece of 

Fang, piece of metal like a long tooth, 
that by its motion moves ſome other part. 

Fellies, pieces of wood on the outfide of a wheel, 

which make the rim. 

Ferril, a ſort of hoop. 

Floats, the flat boards ſet perpendicular on the edge 
of a water-wheel; by which the water drives 
the wheel about. Fig. 236. D, D. | 

Fh, that part in a clock, Sc. that regulates the mo- 

tion, and makes it uniform. Fig. 168, 169, 
170. 

Forg, any thing that acts upon a body to put it in 
motion. 


Fircopump, a pump that diſcharges water by preſſing 
it up Fig. 267, 268. 

Frame, the outwork of any machine, or what holds 
all the reſt ther. 

Free, clear of all impediment. 

Friction, the reſiſtance that bodies have by rubbing 


T ER MS. 


G. 
Gain, the levelling ſhoulder of a joift or other fim- 
ber 


Gin, a machine to raiſe great weights. Fig. 257. 

Gravity, the weight of bodies. 

— ſpecific, by this one body weighs more or 
leſs than another of the ſame bulk. 

— relative, is the weight of a body in a fluid, or 
on an inclined plane. 

Groove, a channel cut in wood or ſtone. 

Gudgeons, the eyes in the ſtern of a ſhip, on which the 
rudder hangs. The center pins of an axle. 

Gyration, a whirling round. | 


H. 


Hand, an index or pointer. 

Handle, the part of an inftrument to take hold on with 
the hand. 

Handſpike, a wooden leaver to be uſed with the hand, 
in moving any thing. 

Head, the top part of any thing. 

Hem, the edge of ſome cloth turned down and ſewed. 

Hinge, an iron joint on which a door turns, &c. 

to Hitch, to catch hold on, with a hook or turn of a 
rope. 

to Hoiſe w] Hoiſt, to heave up, or raiſe by force. 

Hook pins, taper iron pins with a hook head, by which 
they are ſtruck out again. They ſerve to pin 
the frame of a roof or floor together, till 
wrought off. | 


Hoop, « cxcuhe ring to put about any thing, to keep 


304 


EXPLANATION OF 


ring the moiſture 
and dryneſs of the air. Fig. 26g. 


ire 109k du 
an en to tif loaded the roof 
11 e 2. Mo Of 


ouſe, Ec. See Fig. 249. Alſo an engine 

to roaſt meat, Fig. 258. 

Zel- pump, a chain pump. 

aums, Door poſts, or window poſts, Se. 

et d ann, the pipe of a fountain, which ſpouts up 
water into the air. Fig. 287. 

Impetus, LA 

impells another. 

Joint, the place where ohs part is r into ancehzr, or 
moves it. 

Joiſts, thoſe pieces of timber framed into the dormant, 


in a houſe, and on which the boards of the floor 
are laid. x 


Kg, ſtones in the top of an arch, to bind the ſweeps 
Kent, a ſnarle or little turn upon a rope, that it can- 


notrun. A. 
Knee, « crooked or angular branch of timber. 
L. 
Laners, hat part which v moved by of a 


_— ang ouſt the — 


Laich, „ Sc. a Sneck. 
Lever, a bar of iron or wood to raiſe a weight: one of 
.- - - the mechanic powers. | 
Leaves, the teeth of a pinion. Fig. 185. c, c, c. 

Ledge, a flat border or plain, „ 1d: 
2 


*. tou keeps hed 


pf 
1e 
Pp 


es 
or 
nt, 
IOT 


Machine, a mechanical * for moving 


| bodied. 


Mechanics, a frince thet teaches the principles of mo. 


tion, and conſtruction of engines, to move 
great weights.  * 
Mechanic powtirs, are theſe fix ; the balance, lever, 
wheel, Pr”; ſcrew, . 
Mitre, an right one: 


le of 
And deren of 32 . 
Momentum, quantity of motion. or the force or power 
a body in motion hay to move another. 
nee to receive 
tenant. 


Motion, is the ſucceſſive c of a body; 
or Se egg Ss 
Moving —5 any active forch or power that-moves a 


Mouth, the part or parts of « machine that take hold 
of any thing: The entrance into any cavity. 


r 2 


Neve or Naff, the block in the middle 5a . 
Neck, a part near the end, cut ſmall. 
Notch, adent, nick or ſlit made in any thing. 


Nur, the pinion of a wheel. HA 1857 AB? A ſmall 
- EL ſcrew 


nail. — 
adds 3 a. ” © 


„ . 


e 4 vibration or ee. 
P. 


Paddles, « fort of cars; the laJdfe boards on. the edge 
of a water wheel. 


Ped:tal, the baſe or bottom part of a pillar.” 
X 


Peers 


Power, the force applied to an engine to raiſe 


EXPLANATION OF 


Peers, a fort of 22 for ſupport and ſtrength. 
Peg, a pin to go into a hole 
Pendulum, a weight hang by a ſtring or wire, ſwing- 
ing back and forward to meaſure time. 
Penſtoct, the fluice or door, that opens or ſhuts the 
age of the water to a water wheel. 
Percuſſion, the ſtriking of one body againſt another. 
"Ons a long piece of wood or metal, which riſes up 
and falls down again to beat or bruiſe ſome- 


Pevets on. Pivots, the ends of the ſpindle 
in a clock or any n -&L.4 
Pevet boles, > Kates fs bas a the ſpindle 
or axel of a wheel turn. Fig, 185. ef. 
Picket, — _ with iron, to drive into the 


Pillar, cd os ford one end of 
an arch, Sc. 

Pinion, a little wheel at one end of the ſpindle, con- 
_ 7 I Fe 2 AB. 

Piſton, a round piece of wood 

within the body of a pump, to 

ter. 

Plate, a piece of timber, on which ſome heavy work is 
framed, as wall plate, Fc. A flat piece of metal. 

Pneumatics, a ſcience teaching the properties of the air. 

Pole, a long ſtaff or lender piece of wood. 


Poſt, a perpendicular or upright beam of wood. 


> 5-7 pg 


any 
weight. Or any force acting upon a body to 


move it. 


a ſtay or ſupport for any thing, to bear it up. 
Pulls, « Fall wheel with 4 channel in the edge of 
One of the mechanic powers. 
Pump, an engine to, raiſe water. Fig. 204. 


to Project, to jet out or over. 
Projefiiles balls or any heavy bodies thrown into the air. 
it, moving about an axis fixt in a block; the 
channel is to receive a rope that goes over 1t. 
Punchins, ſhort pieces of timber, placed upright to ſup- 
port ſome weight. 


| 


3 
| # 
£ 


"TE REM'S 
R. : 
Rag-wheel, the barre] or wheel in a chain pump. 
Rails, ſmall pieces of wood joined into'others ; thoſe 
run into which the pannelsof doors, c. are 
t ; | 256717 , 


Rammer, an inſtrument for driving ſtones or piles in- 


to the ground, or beating the earth. 
Random, the diſtance to which a ball is ſhot. 
Range, the direction a ball is ſhot in, from a piece 
of ordnance. mired 
to Range, to run ſtreight or directly in a line. 
to Reeve, to paſs a rope through any hole. 
Return, the fide that turns off from any piece of 


ſtreight work. = 
Ribs, ſlender pieces of timber, ſerving for ſtrength and 
ſupport | 


Riglets, little flat, thin, ſquare pieces of wood. 
Rim, the circular part or outſide of a wheel. 
to Rivet. to batter down the end of a nail, that it 
draw not out again. 
Rod, a long ſlender piece of wood or metal. 
Roll or Roller, an engine turned by a handle, to 
raiſe weights, Fig. 243. 
Rounds, the ſtaves or ſpindles in a lantern, againſt 
which the teeth of a great wheel work. Fig. 
266. c, c. The ſteps in a ladder, &c. 
Ruler, a thin ſtreight piece of wood. 
Rungs, ſpindles or rounds. Fig. 266. c, c. | 
Runner, a flat circular ring, between the nave and 
limpin of a wheel. Alſo a fort of rope on 
board a ſhip, to hoiſt wit. 
8. 
Sails, pieces of canvaſs, by which ſhips, wind- 
"EF Sc are carried, by help of the wind. 
Scantlin, ſtuff cut to a proper ſize. *' © 
Screw, one of the mechanic x the tap with 
the thread is the male ſcrew, the hollow that 
receives it, is the female ſcrew. 
daun 


307 


EXPLANATION OF 


Seribing, drawing an irregular line upon one piece of 
ſtuff, parallel to the irregular fide of another, 
with a pair of compaſſes opened to a due dif- 
tance; and carried the fide of it. "Then 
the wood in the piece being cut w_ 
theſe two pieces will fit each other. 

to Seaze, to bind of faſten a rope, Sc. 

Shaft, or Shank, any long part of an inftcument, eſpe- 

* cially that is held with the hands. 
Sbeers, two poles ſet up an end ſloaping. and tied to- 
_ top ; and ſecured by a rope from 

alling. Their uſe. is to raiſe any weight by 
help If a block and tackle at top. 

Sheevers, ; lis the little wheels that run in blocks, 

Ie going over them. 

Shelf, a Pong fixt horizontally. 

Shoulder, a part of timber of metal cut — —_— 
the reſt, in order to 

Sbreads, the ledges on the 


Sills, Fell, ot Groundſel ieces of — that lye on 
che ene. into which others are fixed. Sole 


Sipbon, a a crooked glaſs tube, for drawing off liquors. 
Fig. 21 

Sleepers, pieces of timber laid as a — goo and ſup- 

rt for others that are to lye u 

Slings, Roſe are 2 of a rope ai an an — at 

either end, to go over a caſk or ſome heavy 

thing, which is to be hoiſed. 

Snatch block, 2 great block with a ſheever in it; and a 

' notch cut through one of the cheeks of it ; to 

hitch the rope into the pulley, for readineſs. 

Socket, «by 6-110 piece of metal, in which * thing 


Sole, the Bono of the gutter or. channel, in a gutter- 
wheel 
Sole-tret, the loweſt piece of timber which lies flat on 
the ground, into which the upper works are 
| framed. Kid Groundſel. 
Spanjh 


fi 
Ar — PEE] 


nne: 
Spaniſh Burton, a ſort of tackle to hoiſt goods, like fig, 


197. | 

Spear, a long pointe iron, or pi of timber. 

Specific gravity, is that whereby one body weighs 
; _ or leſs than another of the ſame 0 

- tude 

Spike, a pointed iron, 6r piece of wood, | 

Spindle, the axle of a wheel. Fig. 185. f. 

Spires, the turns of a rope about a cy Rag wg Aung the 

to Splica, to join two ropes together by wor 
ſtrands into one another. 

Spokes, pieces of wood running from the center of a 
wheel to the Sema Sy like rays. 

Spring, an inſtrument made of ſtrel, that being 
. Srining Fits nr 
may un are 
pt Ong 

Shur, a ſort © to 

Spurs, long woddes ferch ending in the edge of a 
large timber wheel. Fig. ” a, 2 

Spur wheel, a wooden wheel where the teeth ſtand in 
the edge of the rim. Fig. 192. CD. 

Staff, a ſtick or ſmall piece of wood. 

Statics, a part of mechanics, teaching the motions 
and of heavy bodies, 

Yay, a piece of timber, or other thin fixed as a prop 
or ſupport to ſome heavy body. 

S:celyard, an inſtrument to weigh bodies, conſiſting 
of a long beam and a moveable weight. Fig. 


190. 
Stock, the wooden part of a thing, and into which i it 


- 12 me bole 

topple or ftepper, a that into a hole. 

Stops, 8 plog 
ſerve to ſtop the motion. 

Strain, 2 ſtreſs or violence any thing ſulfers by a 

eight or force acting againſt it. 

Streaks os traiks, the iron ing, round the. circum- 
ference of Carriage wheels 

Stud, 


pieces in a moving machine, that 
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6 EXPLANATION OF 


Stud, a knob or little button. A ſolid piece of me- 
tal fixt to a plate. 
Stuff, any wood that joiners work upon. 
See vel, n metal ring that turns about any way. 
Syphon, the ſame as Siphon. A crane. Fig. 216. 
Syringe, — inſtrument for injecting liquors into any 
8 P 5 | 
T. 


Tackles, blocks with pullies and ropes in them, to 

7 3 . 

enen, Aa pi W to 
fit into a —_ i. 1 


Thermometer, N an inftrument to ſhew the 

. Thermoſcope, heat and cold. Fig. 270. 

4 7 the ſpiral ridge, that goes winding round a 

Thruſt, the action againſt a body to it forward. 
Tigbt, ſtiff, cloſe. * 
Tongue, a thin ſlender piece of metal in a machine. 

Tool, an inſtrument to work with. 

Tooth, che indented part on the edge of a wheel that 
moves ſome other wheel. Or what ſerves to 
cut, or take hold on. 

Tranſom, an overthwart beam in a building. 

Triangle, an engine ſtanding on three legs, to raiſe 
weights with. Fig. 195. 

Trundle, the part which is carried about by the teeth 
of a wooden wheel. The lantern or drum. Fig. 
266, EF. 

Trunk, a hollow tube or box. 

Tumbler, a part in a machine that rolls about upon an 
. axis, and plays back and forward. 

Tumbrel, a roller, or cylindrical beam of wood. 

Tympanum, a kind of wheel placed on an axle, and 
has ſtaves or rounds inſtead of teeth, and is 
carried about by a great wooden wheel. A 
trundle or dram. Fig. 266, EF. 

| U. Valve, 


— 


— 
— — — — _ - 
— — > == * - | 
72 5 - 

— — > - = — 


— 


— —— — 


— a 
— 


— — 
- . — —_ 
= = — 


— — — 


— — OS — — 
- _— 
- — — 
- > - * 


* 


T E R M S. 
. 


Valve, a piece of wood, c. fo fitted into a hole, that 


pens and lets a fluid paſs through one way; 


it © 

and ſhuts and ſtops it, the other. Fig. 268. 
V. . A fucking valve is that where the water 
follows the piſton. ¶ forcing valve, when it 


is driven through before it. 


Vane, bt. of fan; Gnany to Row the point of the 


Velocity, 1 el 
hag over a certain ſpace in a given 
Vibration, « the —_ of a pendulum 
mo or a 
FL how . 
Vis inertiæ, à property w it reſiſts 
any impreſſed force, and endeavours to con- 


— ——— 
W. 

Wallower, a 2 upon à horizontal axis. Fig. 
257, F. 

Waterpoiſe, an inſtrument to try the ſtrength of li- 
quors. A Hydrometer. 

Web, the thin * 
web of a key, 

Wedge, an inſtrument to cleave wood. One of the 
mechanic powers. 

Weight, the tendency of bodies downward. The mat- 


ter raiſed by an engine. 

Wheel, a machine conſiſting of an axis and a circular 
rim, with teeth in it, and then it is called a 
toothed wheel. 


— ſmooth, a wheel without teeth, turned by a 


rope. 
Wheel axle, a machine to raiſe weights. One of 
Winch, 


the mechanic powers, Fig. 30. 


1 
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EXPLANATION OF, &c. 

Winch, an inſtrument with a crooked handle, to turn 
any thing about with. 

Winder, a winch or handle, to wind about. 

Windleſs, a machine to raiſe great weights. On board 
a ſhip, it ſerves to hoiſt the anchor. It is an 
horizontal roller, turned round by handſpikes. 

Windmill, a mill to grind corn, moved by the wind. 
Fig. 266. 

Wing, a thin broad part that covers ſomething, or 
hangs over it. Alſo what helps to give due 
motion to any thing ; as the hands in a water 

wheel; a part of a fail, &c. 

Worm, a ſpiral thread running round a cylinder, form- 
ing a ſort of ſcrew. 


The END of the TERMS. 
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